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CATALYTIC ISOMERIZATION OF &-OXIDES (TETRAHYDROPYRANS) 
TO ALIPHATIC CARBONYL COMPOUNDS ; : 


N. D. Zelinskii Institute of Organic Chemistry 
Academy of Sciences USSR 


L F. Bel’skif and Corresponding Member AN SSSR.N, L Shuikia 


Until recently, it has been assumed that y= and S-oxides, in contrast to a-oxides, cannot undergo isomere 
ization with ring cleavage to aliphatic carbonyl compounds, However, we found that y -oxides (tetrahydrofuraa 
and its homologs) undergo isomerization in the vapor phase at 250° over platinized carbon, the ring opening 
to yield chiefly aliphatic ketones {1}. The small amount (-5S-10%) of aldehydes obtained during the reaction 
readily undergo decarbonylation with the formation of alkanes undes these conditions, 


It might be expected that 5 oxides (tetrahydropytans) would fsomestze to open-chala ca. donyl compcunds 
under the conditions under which somerization of y -oxides takes place. As a matter of fact, we have found that 
tetrahycropyrans having an alkyl substituent in the a-position do undergo vapor-phase fsomerization over plae 
nized carbon at 300-357, the ring cpening to yield the corresponding aliphatic ketones and also some alkanesg 





In all cases, ketones were obtained in ylelds of 70-80%, aad the yields of hydrocarbons did not exceed 
20-30%, This shows that the predominant course of the {somerization of a-alkyltetrahydropyrans fs, as In the case 
of y -oxides, opening of the ring at the C—O bond furthest removed from the alkyl side chain (the 1,6-bond). 
The isomerization of a-alkyltetrahydropyrans proceeds just as smoothly as the {somesization of y -oxides; the * 
reaction products consist only of ketones and aliphatic hydrocarbons, As regards the ease of cleavage of the 
tetrahydropyran ring, here again there {s an analogy to the y -oxides. Since the Sso:nerization of 8-oxides was 
carried out at a higher temperature, the degree of conversion to aliphatic ketones and aldehydes was higher tas 
the degree of conversion of the corresponding y ~oxides and comprised 50-60% per pass, 


EXPERIMENTAL PART 


The a-methyl-, a-ethyle, a-a-propyl-, and aen-butyltetrsbydropyrans were ee by the metho? 
of Paul [2]; they had the following propestiess 


1) a-Methyltctrabydropyran, b.p. 102-102 (750 mm), dy” 0.85705 op 14187, 
2) a-Ethyltetrahydiopyran, bp, 128-129 (752 mm), df 0.8566, ni 1.46248, 
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3) a-n-Propyltctrahydropyran, bsp, 152-153" (754 mm), 4%’ 0.85523 nf 1.4290, 
4) aen-Dutyltetrahydropyran, b.p, 1762177" (750 mm), df* 0.8570 nb 1,4350, 


The catalyst was platinized carbon containing 107% platinum; it was prepared by impregnation of activated 
carbon with chloroplatinic acid solution and subsequent treatment with formalin and 50% KOI, Before each exe 
periment, hydrogen was passed for 2-3 hours over the catalyst at reaction temperature, The a-alkyltetsrahydroe 
pyran, elther in a stream of hydrogen or alone, was fed to the catalyst at a space rate of 0,1 hours *, The liquid 
product was dried with CaCls and distilled in an efficient column, The physical properties of the ketones formed 
during the fsomerization of a-methyl-, a-ethyl-, a -a-propyle , and aen-butyltetrahydropyrans and the — 
points of thele semicarbazones are prescated below, 


1) 2-Hexanone, b.p, 126-126.5° 5 dg” 0.8115; ° 1,4018; semicarbazone mp. 120-121°, 
2) 3-Heptanone, d.p. 147-147,2 5 dy” 0.8192; nip 1.4095; semicarbazone m.p, 101°. 

3) 4-Octanone, b.p, 166.5" 5 dy” 0.81903 nj 1.4135; semicarbazone map, 96° 

4) S-Nonanone, b.p. 186-187 ; a 0.8270 ; nD 1.4200 ; semicarbazone m.p. 8F . 
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SYNTHESIS OF HIGHER KETONES BY LIQUID-PHASE OXIDATION 
OF SECONDARY ALCOHOLS : 


Institute of Petrochemical Synthesis,Academy of 
Sciences USSR 


Corresponding Member AN SSSR A, N, Bashkirov,M, M, Potaria - 
and V. Ve Kamzolkia 


As a result of the work which has been carried out =p to the present time on the mechanism of the Iquide 
phase oxidation of paraffinic hydrocarbons, it has become apparent that this fs a stepwise process, The succession 
of the individual stages involved in the oxidative conversion of paraffinic hydrocasbons can be represented by 
the — scheme {1-3}, 


: esjeas 
: ¥ i 
Hydrocarbon -« vaowinft 





E carbonyl compounds -e acids 
The experimental data available in the Htesature show [4] that, as a tits a considerable amount of care 

bony! compounds is formed during the process of producing synthetic fatty acids by oxidation of solid paraffing, 

In addition to secondary alcohols, a certain amount of ketones is always present fn the products of the oxidation 


of higher paraffinic hydrocarbons in the presence of boric oxide [5}, 


The formation of carbonyl compounds (see scheme) can take place, first, as the result of the decomposition 
of the hydroperoxides [6] and, second, by oxidation of the alcohols present fn the reaction zone, 


It was of Interest to obtain experimental data on the possibility of the occurrence of oxidation of alcohols 
under conditions analogous to those used for the liquid-phase oxidation of hydrocarbons, and St was also of interest 
to establish the possible exictence of directed oxidation of secondary alcohols to ketones, 


In carrying out the present investigation, we used higher aliphatic alec’! obtained from: 2 pice plang 
operation of the process developed in the Academy of Sciences SSSR{5}. The content of secondary alcohols fa 
this ssoduce was about 90 mole %[7}. The alcohol fraction boiling in the range 125-170 at 1 mm Hg (Cys -Cyg) 
was used In the oxidation; this s fraction had s a hydroxyl number of 220,0, a carbonyl of 20,0, and acid numbeg 
1,1, an ester number of 3.4, dy? 0.8486 , ny 1.4496 , and a freezing point of 8.0 « 


The liquid-phase oxidation of higher alcohols was carried out in an apparatus and by a method described 
by us previously [5]. 65 g of these alcohols was used in each oxidation experiment; the specific consumption of 
oxidizing gas was 1000 liters/ kg hour (when oxygen was used, the specific consumption was 200 Liters/kgehouz). 
The effect of the reaction conditions (temperature, concentration of oxygen in the oxidizing gas, and oxidation 
time) on the oxidation of these higher alcohols was investigated, as was the effect of certain promoters on the 
composition of the products (“oxidate®), 


The effect of temperature on the oxidation of higher alcohols was studied In the range 120-18 _ 7 
nitrogen -oxygen mixture containing 6,0-6.5 wt, % oxygen aid an oxidation time of 4 hours (Table 1). 
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TABLE 1 Asmay be seen from the expe: ‘mental data, reaction 
temperature Is a factor having a considerable effect on 
the conversion of the original alcohols and on the come 
position of the resulting oxidatica products, With an ine 
crease In reaction temperature, these fs an Increase in the 
Amt. of oxygen-con= acid fraction of the reaction products and a decrease Ia 
Oxidate analysts |*2!ning cmpds. formed the ketone fraction. The ketone fraction decreased from 
ys [(ketones and acids) 63.6 to 55,3 mole % with an increase in the temperature 
- from 140 to 165°. There was a simultaneous Increase Ia 
Acid Ester Total] Mole % the degree of conversion of the ociginal alcohols, Simflag . 
effects were found during the stzdy of the oxidation of 
alcohols with a nitrogea — oxygea mixture containing 17% 
oxygen and also with alr and with oxygen. It should be 
noted that the oxidation of alcchols proceeds at a low rate 
at a tempzrature of 120 . During oxidation with a nitroges 
oxygen mixture containing 6.0 % b oxygens the degree of 
* Oxidation time, 3.5 conversion did not exceed 1,5-2.0 mole % over an 8-hour 
period; when the oxidatioa was carried out for 4 hours 
with oxygen, the degree of convession was 12,0-15,0 mole % 


Carrying oct the oxidatioa of alcohols at highes 
tempsratures (particularly with a high concentration of 
oxygen in the oxidizing gas) makes ig impossible for 8 
significant amount of carbonyl compounds to accumulate 
in the oxidate, apparently owing to rapid oxidatfon‘of the 

, carbonyl compocnds to acids, Under these conditions, the 
tains cote canes major product of the oxidatica of alcohols fs acids (fee 
Oxidate analysis = |(yerones and acids) and combined as esters), 


The Effect of Oxidation Temperature on the 
Degree of Conversion and on the Product Come 
position In the Oxidation of Higher Alcohols 
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ketones 























TABLE 2° 


The Effect of the Concentration of Oxygen ia 
the Oxidizing Gas on the Degree of Convere 

_ sion and on the Product Composition in the 
Oxidation of Higher Alcohols 
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e - A study of the oxygen concentration Ia the oxidizing 
i ao ‘her! Merona gas, which was carried out at 142° (oxidation time, 4 hours) 
No, | No. |/g cids ketones _ and at 165° (3 hocrs), showed that aa Increase fn the oxygea 
concentration in the rezction zone Increases the degree 
Oxidation temperature, 140° of conversion of the original alcchols and decreases che 
| 2.8) 9.0 | {2.0 7 0.06 relative yield of ketones—the ketone portioa {a the oxidation 
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on ane ice. 0 ee 3 products of the alcchols (Table 2}, 
Oxidation temperature, 16° As a rule, the rate of the oxidation reaction depended 
TY] | 7 [coop LT yp 328 | oe to a great extent oa the concentration of oxygen Ia the 
3 | it as | uss | 274 ae | oxidizing gas. The lower the concentration of oxygea {a 
the oxidizing gas, the greater was the relative yicld of 
ketones [particclarty at low temperatures (120-140 Jj. 
Oxidation with a gas mixture with a high oxygen content for the purpose “ obtaining ketones is unwise, since 


a lazge amount of acids is formed in this case, 





10,0 


3 
6 
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Investigation of the products of the oxidation of alcohols at various reaction times (temperature of 140° , 
oxidation with air)showed that an increase in the oxidation time changes not only the degree of conversion of the 
original alcohols, but also changes the composition of the products obtalsed (Table 3, Figure 1), 


An increase in the oxidation time led to an increase in the degree of conversioa of the original alcohols 
and to a decrease in the relative, yield of ketones with an increase ia the yield of acids and esters, The amount 
of ketones in the reaction products decreased from 88 to 45 mole %. 


The experimental data obtained permitted us to select conditions for the oxidation of alcohols providing 
for yiclds of ketones of up to 60 mole %, based on the alcohols converted, and of a degree of conversion of the 
original alcohols of 40-45 mole %, These oxidation conditions are as follows: temperature, 165°; oxygen content 
of the oxidizing gas mixture , 6,0-6,5 % specific consumption of the oxidizing gas, 1000 Uters/kg/hour and. 


oxidation time, 3 hours, A higher yield of ketones can be obtained at a lower degree of conversion of the original 
alcohols, 











TABLE 3° ° Sent A study of the oxidation of alcohols in the presence 


of various promot=rs {salts of meta!s of variable valence) 
showed that their effect on the oxidation of alcohols is 

of a nature similar to thelr effect on the oxidation of 
hydrocarbons, For example, the introduction of manganese 
Amt. of oxygen- salts into the reaction cone led to a significant increase 
coataining cmpds, in the yield of acids, The promoters studied (Co, Ni, Ma, 
formed (ketones Fe, Cr, Cu, and Sn salts) had an effect on the rate of 

223 acids) oxidation of the alcohols, However, not one of them had _ 
a selective effect on the oxidation of alcohols to ketones, 


The introduction of {ron pentacarbonyl fato the © 
reaction zone led to a sharp Jahibidoa of the oxidation 
process, which indicates that this reaction is a radical 


type. 


Under the conditions studied, secondary alcohols 

are oxidized to ketones at a significant rate, This constie 
tutes experimental confirmation of the ideathatthe 
secondary alcohols formed during Hquid-phase oxidation 
of hydrocarbons can undergo further oxidative conversion, 
yielding ketones which, in turn, can undergo oxidatioa te 

- acids, These data are in good agreement with the results 
of an investigation of the effect of boric acid and of 
boric oxice cn the liquid-phase oxidation of — 
hydrocarbons (8}, 


The presence of csters in the products cf the oxidatioa 
of alcohols indicates that it {s possible for the original 
alcohols to undergo esterification by the acids formed 
in the course of the oxidation, The cycle indicated above 
for the oxidative conversion of secoudary alcohols cas 

—. be represented by the schemes : 
Fig, 1. Kinetics of the accumulation of oxygene ey ae 
containing compounds (temp. 1493 exddation | 
with air), 1) Carbony! comyounds ; 2) acids (free _ t 

and combined» 3) total content of oxygen-conte exes 


talning compounds, The curve showing the accumulation of carbonyl 
compounds {n the oxidation products (Figure 1) shows 

that when a certain concentration of ketones Is reacheé 

{n the reaction zone, further accumulation of ketones does not occur. In this case, there is apparently established 
in the reaction zene a dynamic equilibrium in which the rate of furthez conversion of ketones becomes equal te 
the zte of formation of ketones, 


The Effect of Oxidation Time on the Degree 
of Conversion and on the Product Composition 
in the Oxidation of Highes Alcchols 
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with the aim of separating the carbonyl compounds formed during the oxidation of the secondary alcohols, 
the oxidate was subjected to saponification with an 0,5 N aqueous solution of a base. The solution of fatty acié 
salts was separated from the ofl layer and extracted with ether, After distillation of the ether, the resulting product, 
which consisted of a mixture cf carbonyl compounds and alcohels, was separated by the torate method, The 
alcohols contained in the above product were esterified with boric acid; the resulting borate esters of the alcohols 
were separated from the cazbonyi compounds by distilling the latter under vacuum, ‘She distillate, which coneisted 
of a mixture of ketones (a reaction for aldehydes with fuchsin-suifurous acid was negative), was alemon-yellow . 
Uquid characterized by the Sottowing properticss carbonyl number, 200, 0; acid and hydroxyl numbers, O 5 ester 

_ number, 4.2; dg” 0.8420 5 nfy 1.4443; Lp, + 10,6 


To sum up, the work showed that higher ketones can be obtained by Iquid-phase oxidation of secondary . 
alcohols, The conditions found for the directed oxidation of higher secondary alcohols to ketones provided for s 
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ketone yleld of about 60 mole% based on the convested alcohols (at a degree of convession of ‘40-45 mole%), 


Higher ketones can also be obtained by dehydrogenation of secondary alcohols over appropriate catalysts, 
Experimental data on this question will be published by us in the near future, : 


- a. 
*@-e 
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The cationic polymerization of olefins by metal halides has been Interpreted ia two ways, The first theory, 
proposed by Hunter and Yohe {1}, ascribed the catalysis to the formation of a polarized complex betweea the metal 


halide and the olefiag 
PX, + é s t.. Px,—t -4, 


and supposed that the carbonium fon thos formed stasted the chain reaction. 


+ 
7 


Subsequently It was found that in solvents of low dielectric constant (hydrocarbons and carbon tetrachloride) 
neither polymerizations (2) nor alkytations(3}nor tsomerizations (4) could be effected by a metal halide alone, 
but that a third substance, called the cocatalyst, {s required, The most common, and indeed ubiquitous coe 
Catalyst is water; ciher substances proved to act in this capacity are aicohols (5), organfe acids [5,6] and nitroe 
compounds {7}. In each case the catalysis can be ascribed to a complex protonic acid PXgA“Hi*s 

PX, + AH-- PX,A-H®, | 


PX,A-H* + M-» PX,A-HM® 


A carbonium fon fs formed by proton-transfer from the complex acid to the oleiln, The polymerization {s inittated 
by the carbonium fon, and the growing end of the polymer consists of an fon pals. For reactions in alkyl halfde 
solvents the situcticn was less clear. Early experiments (8) suggested that the addition of water had little or no 
effect, This prompted Pepper to suggest (8) that tue alkyl halide solvent itself was acting az cocatalyzt g 


PX, +RX-» RPXTy, 
R°PXa,, + M-> RM*PXE,, 


Experiments by one of us [9} appeared io confirm this for certain alkyl halides, but also showed that » af 
any rate In the system styrene = TiCl,=(CH,Cl)3 , the addition of water accelerated the reactions, Further, ané 
much more cogent evidence for the cocatalytic effect of some alkyl halides was produced by Colchtough ané 
Dainton{10}, They showed that for the system styrene © SnClg both (Ci2,Cl), and t-C,H,Cl acted as cocatalysts, 
but only in solvents of dielectric constant greater than about 7 


Before the publication of Colchlough and Dainton's work, Gantinakher and Medvedev [11) had revived 
Hunter and Yone's theory of direct initiation, but restricted it to solvents of moderately high dlelectrle constant 
They maintained that in such solvents neither a protonic nor an alkyl halide cocatalyst {s required, The experiments 
of Coichlevgh and Dainton make this appear unlikely,although theydo not disprove it completely, It is Important 
to realize that several types of initsation could coexist in the same sysiems eves Sf in certain systems cocatalysis 
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TABLE 1 





Mm Yield on 
addition of 


wares 


Temp. [Concentra- Isobutene Styrene 
c tlon of TiCl,| concen, concen, 4 
mol/ 1, mol/ 1, mol/L, 


14,3 | 0,00220 0,893 0,0685 8 
—29,1 | 0,00225 0,0012 0,0560 45, 





5 85,0 
t 69,4 




















Notes. (1) The % yield is calculated with respect to the total number of gram~molecules 

of both monomers added, (2) The intervals between the start of the Isobutene polymerie 

zation and the addition of the styrene were about 3 minutes, those between the addition 

of styrene and the addition of water about 5 miautes, 
by alkyl halides was proved, this does not exclude the existence of a concurrent dizect initiation by the Huntere 
Yohe, Gantmakher-Medvedey mechanism, : . . 


However, our own experiments now provide unamb!guous proof that Gantmakher and Medvedev's modificadlos 
of Hunter and Yohe"s theory {s not applicable to the system CH,Cl,-TICl, = H,O with styrene or fsobutene, We 
-have developed an apparatus {12} in which the amount of residual water per reaction mixture (100 mJ.) can be 
reduced to less than 10° moles,, With CH,Cl, as solvent and TiCl, as catalyst, we found that {sobutene polymerizes 
to an extent which fs strictly proporsfonal to the amount of water present up to a certafa limiting water cone 
centration giving 100% yleld. The yield at a given water concentration Increases with decreasing temperature, 

A polymerization which has stopped for lack of water can be restarted by the addition of more water, but not by 
the addition of more TICk,. For styrene, the behavior pattern Is quite differents However low the concentiatios 
of water may be, the reaction always goes to 100% yield, 


Thus, our experiments with fsobutene show that for this monomer the Cintas and Medvedev theory fs 
. Bot epplicable; they also show that for {sobutene CHCl, fs not acocatalyst to TIC, However, it was still 
possible that the polymerization of styrene at the lowest water concentration was due not to residual water, but 
elther to cocatalysis by the solvent or to direct initiation by the Gantmakher and Medvedev mechanism, However, 
since we found the M wt to be Independent of both the water and the TICl, concentration and the rate 3% low 
water concentration to be independent of the TICl, concentration, these alternatives app_areé unilkely, 


We settled che matter finally in the following way, 


In a series of experiments under conditions of extreme dryness lsobutene was polymerized by TIC. Only 
asmall fraction of the lsobutene polymerized, consuming the residual water, and the reaction thea stopped, Diy 
styrene was then added, A further slight reaction occurred which stopped after a few seconds, This wes presumae 
bly caused by a trace of water in the styrene, When it was quite certain that the polymerization had ceased, 
enough water was added to the system tu give 100 % polymerlza.ton, There ensued a fast polymerizatloc st the 
end of which a 100% yleld of a copolymer of styrene and {sobutene was obtained, Some typical -esulty are showa « 
in the Table. They prove conclusively that in tie solvent CH,Cl, neither lsobutene nor styrene cu be polymere 
ized by TICY, alone, and that therefore in this system, at any cate, there fs neither cocatalysis by the solvent nog 
direct initiation by’ the TIC, alone, as was postulated by Gantmakher and Medvedev. 


The kinetic arguments watch these authors adduce to support thels theory are not decisive~ dey ara based 
on the “steady state® hypothesis which fs by no means always valid for catlonic polymerizations, There is no 
independent evidence for the various types of initiation which they give , and they are too general to he useful, 
Without golng into a detailed discussion we would merely point out that under Identical conditions (CHCl, ~ 
*TICl-H,O, temp, =30° to -95°) the initial rate of polymerization of isobutene {s proportional to the couceatratie 
of monomer, that of styrene proportional to the square of the monomer concentration [13], so that the sarne 
mechanism cannot apply to both monomers, Further, in the very system in which the Gantmakher and Medvedev 
mechanism would be most plausible » styrene = SnClge nitrobenzene (10) » the polymerization fs found to be of 
first order in monomer and not, as Gamtmaliner and Medvedev predict, of second order, and moreover depended *. 
on the presence of water, e. 





Details of our own results will be published shortly elsewhere, We thank Polymer Corporation of Canada : 
and Esso Research, Ltd, for fund which made this work —— » and Mr, J, Forsyth ‘for translating this papete 


into Russian, 
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ON THE QUESTION OF THE MECHANISM OF THE INITIATION 
OF CATIONIC POLYMERIZATION IN THE PRESENCE OF METAL 
HALIDES — 


A. R. Gantmakher, Academician & S$. Medvedey . 
and E. B, Lyudvig ee 


The mechanism of the initiation of carbonium-foa polymerization In the presence of metal halides has 
been fnvestigated by numerous authors, At the present time, there exist 2 different treatments of the mechanism’ 
of formation of the initial carbonium fon In these processes, According to one of these theories, cationle polymerize 
ation In the presence of metal halides cannot take place without the addition of various cocatalysts , while 
according to the second theory, cationic polymerization can proceed without the addition of cocatalysts undeg : 
certain conditions, Moreover, the question of the nature of the cocatalysts has undezgone considerable evolution 
with the development of work in this fel, 


Plesch, Skinner, Polanyi, Evans, and Meadows 11.2.9). while studying the cationic sepia of we 
butylene, both liquid and {nm solution in hexane, with TiCl, and BF, catalysts, established that baer 
does not occur unless & proton-containing promotes Is present, 





On the basis of thelr results, ft was concluded that initiators of cationic polymerization are pony protone 
containing acids of the type HB*-PX, (HB is the cocatalyst, PXq {s the metal halide), These experiments were 
carried out under low-temperature conditions In media of low dielectric constant, However, thels results on the 
polymerization of fsoprene and of styrene in the presence of SnCly showed that at higher temperatures and in media © 
of higher dielectsic constant, cationic polymerization c2zn proceed without the addition of a cocatalyst (4), 


That, #3 established by us, polymerization can proceed In alkyl halide solvents, dichloroethane, without 
the addition of a protozecontaining cocatalyst [7,8,11} has been further confirmed by the work of Plesch (5) and 
Colclough and Dainton [6], Howevez, these authors ,on the grounds that cationic polymerization can take place 
only with the participation of acccatalyst , assume that {n this case the role of the cocatalyst {s fulfilled by the 
solvent according to the following schemes 


RX + PXq -* RX°PXg 

RX * PX, + M-R'M + PXqy4 (lofelation) 

RYM + PX, + M-R*Mg* PXpy (growth) 
where RX {s an alkyl halide, M {s the monomer, and PXq {s the metal halide, 


It follows from this scheme that the chain-breaking reaction in such solvents as ethyl chloride and dichloroe 
ethane and with TiCl, or SnCly as the catalyst should not depend on whether the process {s carri:d out in ths 
presence or absence of HCl, since in elther case the carbonium ‘fon exists in the ficld of the same anion, 


This contradicts the results of our investigations in which ft was shown that the addition of HCl decreases. 
the molecular weight of polymers formed when the polymerization {fs carried out in alkyl halides and othes 
solvents [7}. Moreover, only those HCl molecules which are combined with the catalyst have an effect, 


These data, and also the results obtained by us on the kinetics of the polymerization and copolymerization 


497 








seas’ 





; ne eS Se ee De Se ee 
ad 


of varlous monomers (8,9,10,11), led us to the conclusion that in alkyl hallde solvents, cationic polymerization 
can proceed directly under the Influence of aprotic acids without the participation of compounds with the specific 
function of a cocatalyst, 


In one of thelr recent researches, Longworth, Plesch, and Rutherford (12) investigated the TiCly-catalyzed 
polymerization of isobutylene and styrene in dichloromethane, and they came to the conclusion that in these 
systems, polymerization proceeds only in the presence of water as a promoter, 


However, as these authors remarked, it was shown In the previous work of Plesch (5) and of Colclough and 
Dainton (6) that the metal-halide-catalyzed polymerization of styrene in dichloroethane can proceed without the 
addition of proton-containing cocatalysts, Moreover, Longworth, Plesch,and Rutherford (12) consider that the 
data on the kinetics of polymerization in these systems do not controvert the possibility of {nitlation occurring © 
without the participation of a cocatalyst, since even If there were a cocatalytic action by the solvent in certala 
systems, this would not exclude the possibility of the simultaneous occurrence of initlation by interaction of the 
monomer with the catalyst without the participation of a cocatalyst, 


The initiation reaction in the system monomer — catalyst apparently proceeds through the formation of a 
# -complex of the catalyst with the monomer, On the basis of the acceptor ~ donor properties of the catalyst and 
monomer molecules, and also on the basis of data obtained by us on copolymerization Kinetics (10,11), we propose 
that the catalyst fs present in the monomer solution as a complex with the monomer, Initiation of the reaction 
fs accomplished by the Interaction of this complex with the monomer (8, 13}s 


* PXg*MeM = PxXS— Mat 


A similar point of view on the mechanism of initlation witheut the addition ofa en has been presented 
in the papers of Okamura and Higaschimura (14}, ‘ 


The formation of s -complexes of unsaturated compounds with tin tetrachloride was nei demonstrated 
for cyclohexene by Terenin, Filimonov,and Zystrov [15] by means of infrared spectroscopy, 


It was shown that the frequency of tae double bond in cyclohexene fs decreased by 115-125 cm™ by the 
_ interaction of the z-electrons of the double bond with Sac. 


The existence of t-complexes of unsaturated compounds with SnCt, also follows from data obtained by us 
during an investigation of the kinetics of the copolymerization of seat with small amounts of more active 
monomers ~ a-methylstyrene and {sobutylene (11}, 


It was shown that small amounts of a-methylstyrene or fsobutylene (~ 0,02 mole fraction with respect to 
the styrene) sharply Increases the rate of initiation of SaCl-catalyzed polymerization {a ethyl chloride, 


These data indicate the presence of a selective complex formation of the more active monomers, a-methyle 
styrene ard fsobutylene, with the catalyst, which causes a sharp Incresse in the rate of initiation In these systems, 


It was estabiflshed [11] that these effects are inhibited by the addition of water or HCl, which themselves 
form stable complexes with the SnCly; as a consequence of this, the formation of #-complexes of the monomers 
with the catalyst does not take place undeg these conditions, . ° 


. It should be noted that certain authors, during investigations of catlonic polymerizaticn of styrene with 


SnCl, catalyst in various polar solvents (16,7, 14,6), have observed an induction period, during which adam eL ss: 
does not take place, 


Okamura and co-workers (14) consider that the Inverse proportionality which they observed to exist between 
the length of the induction period and the monoiner and catalyst concentrations is due to a decrease In - rate 
of formation of monomer — catalyst complexes in solvents with low polarity, 


Our data also support this views according to these data, there {s practically no induction period in the 
SnCl, catalyzed polymerization of a-methylstyrene tn CCly (concentration of a-methylstyrene, 2,5 moles/Utex, 


concentrationof SnCl, , 0,006 mole/lizer; temperature, 0 ) , while the polymerization of styrene under these 
conditions has a considerable induction period, 


These data also Indicate that « -methylstyrene fs a better complex former with snc than fs styrene, owing 
to which the formation of — of SnCk, with incon wae proceeds at a considerable fate evea is 8 
nonpolar solvent, : 
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A UNIFIED ACIDITY SCALB 


N. A. Izmaliloy 


A. M, Gorky Kharkov State University (Presented by Academiciaa 
A. N, Frumkin, February 28, 1959) ° 


In evaluating the acidity of nonaqueous solutions, the necessity arises of comparing the acidities of solutions ° 
in the same nonaqueous solvent and in different solvents, 


The determination of relative acidity within the bounds ef a single nonaqueous selvent does not differ im 
principle from the determination of pH in aqueous solutions, The value of pH, in nonaqueous solutions {3 gives 
by the negative logarithm of the activity of the lyonium fons MH*, of the given solvents . 


PAs =~ Tgahvnr, ©" 18 oe Tne — a 
In this equation, the activity a°yarz» and the concentration activity cocffictent y yayy are referred to infinitely 
dilute solution in the given nonaqueous solvent, Owing to the difference fn the products of the fon concentrations, 
the extension of the pH scale {n nonaqucous solvents fs different (see Figure 1), and we denote the specific acidity 
scale in nonaqueous solvents by the subscript s ,pHs which indicates pH of the neutral solution, ‘ 


The measurement of pH in nonaqueous solutions can be carried out in the same manner as {a water, but the 
measurement fs made against a standard solution with a known pH, in the same nonaqucous solvent, Standardization 
of the pH, scale {n ncnaqueous and mixed solutions may be based on the concentration activity coutficteats, 7° 
of the fons from hydrogen chiorlde {2}, 


Comparison of acidities in different solvents, in other words, reducing the pH, scales to the same starting 
point, differs in principle from the comparison of acidities within a single solvent, since {a this case the comparisos 
must be made among acidities created by the different lyonium fons, In principle, as Bronsted has already shows 
(3), the acidity of asolution fsuniquely determined by the activity of the protons in the solutidn, ’ In order to evaluates 
the real acidity, not only fs it necessary to determine the activity (concentration) of lyonium fons, but it {s also 
necessary to establish the relative activity of the protons in the different lyonium fons, Moreover, as we have 


shown, it {s convenient to select the proton activity in an infloitely dilute aqueous solution as the standard state, 
Thuss . 


pA == —Ig 05, = —Ig Ouue —l8 Yous = pH, = ter Youee (2) 
In this equation, ayy, 1s activity and yop, fs the degenerate activity coefficient, both referred to infinitely ; 
cilute aqueous solution as the standard state, This value of the activity coefficient yoy,¢ {8 determined by the 
change in the energy (isobaric potential) of the protons during thelr transfer from an infinitely dilute nonaqueous 
solution to an Infinitely dilute aqueous solution, This energy is determined by the difference {a the chemical 
energies of solvation Any, of the protons in water and in the nonaqueous solvent, 


A, 7HtH,O —Aiuen _Asaue (3) 


2,327  ——_ 

Inasmuch as data on the values of Yous have not yet become available, a series of rather unreltable ase 
sumptions [4] have been made {fn order to evaluate the acidity of nonaqueous solutions; these by-passed the solution 
of the question of the value of AA,,,. of protons, Hammett proposed the function Hy, while Schwarzenbach (6) 
Proposed the function Hy_) « However, it is readily shown that acither of these functions actually express the real 


IgYous= 














ne ae) ee ee ae ere A. ‘ wr ob ote. td Perth sees los 


pH, scale 
100 200 
MO 
%9 
“4. 





Water 
Methanol 
Ethanol 
Forinie acid 
Ammonia 














pA scal 
Water id 
Methanol 148 
Ethanol ae a 
Formic acid Whe 
Ammonia 






































Fig. 1, Comparison of the acidity scales pi, aad Phe 


acidity, since they are — by the degencrate activity coefficients of the single fons and molecules of 
the indicators, 


- 


Yoaue . - 
He = Ig ayy, + eos 


(4) 
Hy_y = le eye +1 Youa 
To 


For the creation of a unifled acidity scale, V. A. Pleskov (7) proposed to take the potential of the rubidium 
electrode as constant in all solvents and to evaluate the change In acidity by the change in the potential of the 
hydrogen electrode measured against the rubidium electrode, 


Strelow (8) made an attempt to refine the proposal of Pleskov. For this purpose, he used the Born equatioa 
(9) to calculate the change in the energy of the rubidium fon during transfer from an aqueous to a nonaqueous 
solvent, The method of calculation and the values obtained for the change in acidity are not very reliable, 


We propose to make use of the degenerate activity coefficients of hydrogen chloride (1) to evaluate the 
relative position of the pH, scale, This proposal Is based on the practically complete constancy of values of va 
of strong acids, which implies that the value of y§ of acids fs related to the first order of the change In the 
solvation energy of protons, 


Since we have determined the chemical energies involved in the solvation of ions, tnctuding the proton, 
in different solvents £10}, {t has now become possible to find the change in the energy of a proton during transfer 
from a nonaqueous solvent to water, and, consequently, to determine the value of Igy and, {n addition, the =~ 
unique acidity of nonaqueous solutions, pA. In Table 1 are presented values of 8701» o calculated by the. — 
equation of reference (3), for methanol, ethanol, ammoala, and formie acid, : 


Ie tone =2Ie7o"*+ ers a.) 


The value 2 Ig xs = IgK,+ 1g ct © 1s determined by tho change in the basicity of the solvent, In the 


om 
latter expression, Ke 1s the equilibrium constant for the exchange of protons between lyonium fons and hydroxe 


onium fons, K, = “ch - This constant can be determined experimentally, The value to” is the ares 


energy of solvation a pte fons and acid anions, On the basis of experimentally determined values of Igy,O38* 

and Igy, . it is possible to calculate yo el and finally, the value of Wyopp clel1} It follows from Table 1 that 
the values of Igy... obtained by this method agree with the values of IZyoyq, obtained directly from the 
difference in the solvation energies of protons, In this same table are presented values of you in alcohols, 
calculated by this same method. The values of B76 in alcohols and formic acid are positive, and, consee 
quently, the activity of protons in the lyonium fons OPvese solvents Increases, In ammonia, You {is negative 
and, consequently, the activity of protons {In ammonium fons {fs lower than {a water, 


Values of IYO}, 10 ethanolewater mixtures calculated by equation (5) using the ens of Y. V. Aleksandrov 
and N, A, Izmailov neh are In que agreement with the values of BY, Ou calculated by Grunwald (13) on the. 


e = 





TABLE 1 
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lg You? |-s.4 ae | 32 | a2 | 2 | 4,7 | 6,8 


TABLE 8 basisof an empirical relationship, afscovesed by him, betweea 
the strengths of neutral and catfonie acids and the compositiog 
= 1gZY oat | 187 op: inethanole. 
ae * meta veater mixtures of the mixture (see Table 2), 


solvent, inol-water pur Grunwald’s We used the values of Igy to determine the relative . , 
% = pristures [Gary | date position of the pH, scale in the PR chatty teate, It is seen from 

Figuze 1 that the pA values fn ethanol solutfons are distributed 

from -4,2 to #15,1, in methanol from 3,3 to +13,5, in formle © + 

acid from -8,6 to 2.5, and in ammonta from +18,4 10 49,2. 

Iris seen Figure 1 that the most alkaline <ciutions in formic 

acid are morse acid than the most acid solutions {a wetez and 

that the most acid solutions in ammonia are more alkelioe 

than the most alkaline aqueous solutions, It msy not de - 

supposed, however, that, for example, soluticns of acids fs 

ethanol wiil always be, at 4.2 pA, more acid than the core 

responding aqueoussolutions, The value of pA of solutions of acetic acid in ethanol differ Lie from the pt of 

the aqueous solutions; this is explained on the basis that the pK of acetic acid fa ethancl fs 5 orders of magnitude 

higher than in water. In other words, in ethanol the activity of protons in ethyloxcnium fons fs considerably higher 

than in hydroxonium fons, and this increases the acidity; however, the number of ethyloxonium Sons fn ethanol 

solution of acetic acid Is considerably lower than in the corsesponding aoucous solution, and this decreases the 

acidity. 


As an Illustration of the relationship between pH, and pA values, Figure 2 presenss data for solutions of 
hydrochloric acid and acetate buffer in mixtures of ethanol and water. It follows from the figure that the oH, 
value of a dilute solution of HCI is practically unchanged by a transfer from water to alcohol, This fs a resuis 
of the fact that in the concentrations investigated, HCl remains a strong acid in ail solvents, On the contrary, 
the pA values of these solutions, in conformity with the increase In Igy...» sharply decrease on going frome 
water to alcohol, 


Quite otherwise is the change In acidity of acetate buffer, Owing to the decrease In the streugth of acetic 
acid, the value of pH, increases greatly with an increase inthealcohol content, while owing to tha sJmultancous {ncrease 
in yo . the value of pA changes slightly, increasing somewhat toward pure alcobot, The increase fa Igy Ow 
and the _ ne in lg K disz, 2%¢ mutually compensating, 


In this same figure are presented the acidity functicus H, and H(uy 3 ft may be scen, Loweves, that they 
do not characterize the true acidity of the nonaqueous solutions, and they occupy an Intermediate position betwees 
the pH, and the pA values, 
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Fig, 2. Comparison of pH,, pA, H, and H-» values {n mixtures 
of ethanol and watery A) solution of 0,002N HCl + 0,008N NaClg 
B) buffer solution of 0,02N HAc, 0,01N Na Ac, 0,0005N NaClg 
I~) with 2,4-dinitophenol, H{_y with dimedon, ° 
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KINETICS OF THE NUCLEOPHILIC REPLACEMENT OF CHLORING 
IN PHENYL 8 -CHLOROVINYL KETONS 


T. A. Kudryavtseva, N. M, Chirkov and N. K, Kochetkoy 
Institute of Physical Chemistry Academy of Sciences USS2 
(Presented by Academician V. N. Kondrat’ev, March 8, 1959) 


While the Mterature devoted to the mechanism of the nucleophilic replacement of a halogen atom attached 
to a saturated carbon atom {fs voluminous, data on the nucleophilic replacement of a halogen attached to an une 
saturated carbon atom are very scant, As fs well known, a halogen atom attached to @ doubly bonded carbon atom ~ 
in chlorovinyl-type compounds fs very inert {n substitution reactions, However, when any electrophilic tgp (CO, 
COOH, COOR, etc.) is present on the other side of the double bond, the halogen atom acquires high lability, and 
teadily enters into nucleophilfe substitution reactions, 


These facts are well known with respect to substitution in B-chlorocrotonie acids and thelr derlyatives {1}, 
and have been particularly widely investigated with respect to 6 -chlorovinyl ketones(2}. The sharp increase In the 
the lability of the halogen atom In these cases {s explained by an increase in the electrophilic character ofthe 
Becarbon atom, which facilitates nucleophile attacks 


or 


However, the presently available data are purely qualitative, and they do not permft comparison of the lability of 
the halogen, either as a function of the activating group (CO, COOH, COOR, etc.) or as a function of the nature 
of the attacking nucleophilic reagent, Kinetic data are required for clarification of these questions, 


A study of the kinetics of the nucleophilic replacement of the halogen atom Jn salts {3} and esters of the 
stereolsomeric 8 -chlorocrotoniec acids was recently conducted {n our laboratory, and {t was shown that the sube 
stitution §s a simple, irreversible bimolecular reaction, In a continuation of these Investigations, which are essential 
for an understanding of the mechanism of nucleophilic substitution at an unsaturated carbon atom, we have studied 
the kinetics of the substitution of the chlorine atom in phenyl 6 -chlorovinyl ketone by an ethoxy group during the — 
interaction of the ketone with sodium ethylate In alcoholic solution; it was previously shown that the phenyl Be 
chlorovinyl kctone was the trans {fsomer[4}, This reaction proceeds significantly more eapidly | than the corresponding 
reaction of B -chlorocrotonic acids, and {t leads to the formation of the B -ketoacetal, 


The 6 -chlorovinyl ketone required for the Investigation was prepared by a previously developed method (5}, | 
and was carefully purified by distillation, The kinetics of the reaction with sodium ethylate in alcohol were studfed 
over the temperature interval from -5 to -30, The flask containing the reaction mixture was placed fn a thermoe 
statted bath in which the temperature was maintained to within 0,1°. Methyl alcohol was used as the bath liquid, 
The bath was connected to a refrigerating chamber filled with solid carbon dioxide. A 0,1 N solution of pheayf 
8 -chlorovinyl ketone in absolute ether was diluted with absolute ethyl alcohol and cooled in the bath to the teme 
perature of the experiment; an alcoholic solution of sodium ethylate, precooled to the same temperature, was thes 
added to the ketone solution, and the concentration of ketone fn the reaction mixture was adjusted to 0,005 N, 

The sodium cthylate was always taken in excess, since it was partially consumed by secondary processes (formation ~ 
of the acetal and other reactions} these side reactions had no essential effect on the results, since we followed the | 
kinetics of the exchange process by measuring the concentration of halogen {fon in the seaction mixture, 
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Fig. 1, Kinetic curves of the replacement of chlorine in pheayl-8 
chlorovinyl ketone by an ethoxy group during the interaction of the 
ketone with sodium ethylate in ethyl alcohols 1 at S°; 2 at 10; S at 
15°; 4 at 20°; 5 at 25°; 6 at 30°. A) Sodium ethylate-concentration § 
moles pez mole of ketcne (ethylate 0.025 N; ketone 0,005 N) ;8) 
sodium ethylate concertration 2,5 moles per mole of ketone (ethylats 
0,125 N; ketone 0,095N). 





TABLE 1 


Rate Constants for the Replacement of Chlorine in the Reaction of Phenyl 5 -Vinyi Ketone 
with Sodium Ethylate in Absolute Ethyl Alcohol at Different Temperatures 
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The time at which the ketone and ethylate solutions were combined, with rapid and careful stirring, was ~ 
taken as the beginning of the reaction, A series of experiments were carried out. Each experiment was stopped 
after a specified time interval, At the conclusion of an experiment, the reaction mixture was taken from the 
bath, diluted with water, and acidified with nitric acid. The acetal product and the other organic substances were 
separated by washing the reaction mixture with ether five times, and the chlorine content of the aqueous layer 
was determined by the Volhard method with the addition of nitrobenzene, which caused coagulation of the silver 
chloride precipitate and thus made possible a more accurate determination of the end point, The amount of 
chloride fon characterized the extent to which the exchange reaction had proceeded, — 








TABLE 2° The resulting kinetle curves are presented {n Figure L, 
' - The rate constant, calculated from these data by means of the 
equation for an irreversible bimolecular reaction, were —_— . 
cally constant, 


Activation Energy for the Replacement 
of Chlorine by Ethoxyl During the Inter 
action of Phenyl d-Vinyl Ketcne with 
Sodium Ethylate in Absolute Ethyl Alcoe As would be expected, a change {a the Initial concentrations 
hol at Different Temperatures of sodium ethylate by a factor of two changed the reaction rate, 
but the value of the rate constant remained unchanged (see 

Table 1), 


The activation energy calculated from these data fs 11,3 
keal per mole, The preexponential term K, = 4.10" is lowes 
by three orders than the usual value for a bimolecular reaction 
(see Table 2), Our data show that, as in the case of 3 -chloe 
crotonic acids {3}, exchange of the halogen atom in 8 -chiore 
vinyl ketones is a bimolecular reaction; this is in agreement 
E= 11,1 kcal/mole — with the previously proposed mechanism [2}, 

















Thus, the nature of the activating group has no effect om 
the order of halogen-exchange reactions in compounds of the type 
of B-substituted vinyl halides, However, the nature of this 
group has a substantial effect on the rate of exchange of the 
halogen atom, as may be seen from a comparison of the activation 
energtes for the substitution of an ethoxyl group for a halogens 
the activation energy for the sodium salts of cls and tram-Beo 
chlorocrotonic acids {s 23 keal per mole, and for esters of cise 
8 chlorocrotonic acid it is 17.6 kcal per mole, while for pheny8 
B-chlorovinyl ketone {t drops to 11,1 kcal per mole, Thus, 
while the nature of the alkyl radical fn the ester group of Be 
chlorocrotonic esters has no effect on the activation energy of 
the substitution reaction, replacement of the ester group by 8 
ketone group has a sharp effect on the activation energy; naturally, 
this effect is connected with the more electrophilic charactes 
of the ketone group as compared to the ester group and the 
transfer of this effect to the B-carbon atom (see scheme on pg, 505,) 








Fig. 2 Arthentus plot for the 
teaction of phenyl 3 -chloroviny! 
ketone with sodium ethylate, 
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CYCLOPROPANES AND CYCLOBUTANES IN THE DECOMPOSITION 
OF ALKYLTETRAHYDROPYRIDA ZINES 


R. Ya. Levina, Yu. S. Shsbarov, and M. G. Kus*mis 
M, V. Lomonosov Moscow State University 
(Presented by Academician A, N, Nesmeyanov, February 18, 1959) 


In previous reports [1,2], we have described the synthesis of arylcyclobutanes by a new method consisting 
of the decomposition of aryltetrahydropyridazines which, in turn, are obtained by hydrolysis of sdducts of azodie 
carboxylic ester with arylbutadienes, Continuing this investigation, we atiemptedtouse _ method for the 
synthesis of alkylcyclobutanes, 


Hydrolysis of the sdduct formed from azodicarboxylie ester and piperylene gave a 3-methyltetrahydropyde 
dazine, The latter was found to contain two NH groups (its dibenzoyl derivative was prepared), which indicates © 
that during hydrolysis of the adduct the double bond does not shift to the nitrogen, as {t does in the case of a 
of azodicarboxylic ester with arylbutadiencs (2,3), but remains in the 4-positions 


Ben = 6 


Although hydrolysis of the adduct did not yield 3-methvd -a*- tetrahydropyridazine, it might be expected 
that, under the vigorous conditions under which the éecomposition fs carried out, shifting of the double bond te 
the nitrogen would proceed to yield 3-methyl-a* -tetrahydropyridazine, which (analogously to 3-phenyl -A*-tetrae 
hydropyridazine [1,2]) would decompose to methylcyclobutane and nitrogen, However, our experiments showed 
that when 2-methyl -A‘pyridazine fs decomposed by heating, either in the presence of varfous catalysts (platiaum, 
potassium hydroxide, or silver, ee or without them (300-350), it decomposes to yield piperylene, — 


and hydrogen according te 


- ‘qh ee 


The intermediate biradical I is converted only to the diene (cyclization of the biradical to a cyclobutene 
is thermodynamically much less favored), It Is possible that the reaction proceeds in s <i {ferent manneresby 


decomposition of the 3-methy! -A‘~ tetrahydropyridazine to piperylene and diimide, NH = NH, which immediately 
decomposes to nitrogen and hydrogea, 


That even under the influence of such weak oxidizing agents as CuCl; [Cu(NH),JCl, and HgO, 3-methyle 
A‘-tetrahydropyridazine decomposes to nitrogen and piperylene supports the route first proposed, This decome 


position also confirms that the double tond in the 3-methylietrahydropyridazine formed wd hydrolysis of the — 
is in the 4-position, ; 

Similar results were obtained during a study of the decomposition of 3,4,5,6-bis (cyclopentano)= and 3,4,5,6¢ 
bis (cyclohexano) “A‘= tetrahydropyridazines, which are synthesized by hydrolysis of the sdducts of azodicarboxylie 
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ester with 1,1°-bicyclopentenyl and 1,1°-bicyclohexenyl, These teteshydropysidazines also contala two NH 
groups(they glve dibenzoyl derivatives), and they decompose on heating In the same manner as the alky? compound 
berating altrogen and hydrogen and forming,respectively, bicyclopentyl and bicyclohexyl, 


We thus established that, starting with adducts of azodicarboxylie ester with alkyibutadienes or thelr none 
aromatic cyclic analogs, ft 1s impossible to obtain cyclobutane hydrocarbons in two stages, by hydrolysis cf the 
adduct and subsequent decomposition of the resulting tetrahydropyridazine, Therefore, we decided to synthesize 
tetrahydropyridaziies with the double bond at a nitrogen atora (decomposition of which should lead to _ 
butanes) ty a circuitous route, oxidation of hexahydropyridazines . a 


3-Methyltetrahydropyridazine was synthesized by oxidation of 3-methylhexahydropyridazine, Howevet, 
it proved to be not the expected 3-methvl-a" “tetsahydropyridazine, but its fsomer containing an NH group (it 
reacted with phenyl isothiocyanate to give the addition product), Isomerization of the azo form to the hydsszone 
form (to 3-methyl -4 Scam dai tase nem occurred under the conditions of the reactions 


6 —[6|-& J. 


Attempts to decompose the 3-methyl-a® -tetrahydropyridazine under various conditions did not result in the 
formation of methylcyclobutane; either the orlginal tetrahydropyridazine was recovered, or extensive engi 
accompanied by tar formation took place. 


Similarly, eodtetion of 3,4,5,6-bis (cyclopentano) hexahydropyridazine led to the formation of 3 A,5,6¢ 
dis (cyclopentano)-A* = tetrahydropyridazine, which, on heatlug in the presence of catalysts, did not decompose 
with the evolution of nitrogen and the formatioa of tricyclodecane, but was Instead recovered unchanged or was 
converted to tar, . 


Thus, {t has been shown that alkyl-A*-tetrahydropyridazines, in contrast to aryl-A*-tetrahydropyridazines 
and pysazolines, do not decompose on — in the prezence of catalysts to yleld nitrogen and four-membered 
cyclic hydrocarbons, 


. - BXPERIMENTAL PART 


The A*-tetrahydropyridazines were prepared by hydrolysis (4) of adducts i garth ester we 
piperylene, 1 ol’ -bicyclopentenyl,and 1,1°-bicyclohexenyl, 


3-Methyle1,2,3,6-tetrahydropyridazines the yleld was 63% 3 b.p, 63° (15 mm), np 14950; dy” 0.97355 
MRp 29.40. Calculated for CsHigNgp# 29.78° . The dibenzoyl derivative melted at 122 (from alcohol}, Literature 
data (4): b.p, 67° (18 mm}, mp, dibenzoyl derivative 121°. 











3,4,.5,6-Bis (cyclopentano) = ~ A‘-tetrahydropyridazines the yleld was 28% aie vacuum diutitlation’s bp 
132-135° (10 mm, with decomposition), The didenzoyl derivative melted at 201-207(from alcohol), 


Found %: C 77,30; 77.33; H 6.40; 6,34 
CulyN,O,. Calculated % :.C 77.39; H 6,50" 


3,4,5,6-Bis (cyclohexano) = A‘- tetrahydropyridazines the yleld was 54%; _ 45-46 (from sisieiilin 
- ether), The dibenzoyl derivative melted at a (from alcohol), 


Found %: C 17,90; 17.83; H 7.00; 7.09 
CogHa3N,O3. Calculated % C17.97s H 7,08 


Decomposition of the A‘tetrahydropyridazines, 3-Methyl-A‘~ tetrahydropyridazine was heated fn an autoe 
clave in the presence of potassium hydroxide for 2-8 hours at 200-250. The gas evolved during the reaction was 
a mixture of nitrogen (~50%) ard hydrogen (~ 50%) with small amounts of carbon dioxide (~0,3%) and unsature 
ated hydrocarbons (~ 0,5%), The liquid reaction product consisted of plperylene, p!perylene dimer, and a small 








* The atomic refraction of nitrogen was taken as 2,48 [5], 








\ 
amount of tar. Piperylenes b.p. 42-42" (750 mm); adduct with maleic anhydride, m.p, 60°, Literature date 
(6): b.p. 42,4-42,.6° at 766 mm; adduct, mp, 61°. Piperylene dimers bop, 155-162 5 nf} 1.4710, 


Found % © 88,22; 88,29 H 11,80; 11.97 . 
Cyght;s, Calculated % 3 C 88,15; H 11,85 


Literature data[7} bp. 58-59 (11 mm} nif 1.4692, 


When the reaction was carried out in the presence of platinum, the amount of hydrogen {n the gas decreased 
and the liquid reaction product (b.p. 36-42) contained 2-pentene and pentane along with the piperylene, The Ze’; 
pentene was characterized by preparation of the dibrom{de (after removal of the piperylene by treatment of the 
3642 fraction with malele anhydride): bp. 75-76" (14 mm}, np 1,5070, Literature data (8) bp, 178° (748 mm} 
nf} 1.50783. The residue remaining after removal of the pentene and plperylene was n-pentanes bp. 35,5-36.7 
(755 mm); nf} 1.3572; dj? 0.6260, Literature data [9]: b.p, 36.00° (760 mm} nfp 1.35769; dj? 0.62624. 


A vigorous reaction accompanied by the evolution of nitrogen and the formation of piperylene occurred 
when perhydrol was added to an aqueous solution of 3-methyl-1,2,3,6-tetrahydropyridazine in the presence of 
traces of cupric chloride; the yleld of piperylene was 85%, b.p. 41,5-42,.0 (755 mm), np’ 1.4304, di® 0.6814 
the adduct with malefe anhydride melted at 60-61°. 


The decomposition of 3.4,5,6-bis (bicyclopentano) = and 3,4,5,6-bis (cyclohexano) -Ate tetrahydropyridazines 
was carried out by heating in a Wurtz flask, A vigorous reaction proceeded at 150-200° fa the presence of potassium 
hydroxide or platinum and at 200-250" in the absence of catalysts, The gas evolved consisted of nitrogen (~ 50%) + 
and hydrogen (~ 50%), Distillation of the reaction product gave the corresponding diene, 


1,1"=Bicyclopentenyls the yield was 68 % b.p, 75-76" (7 mm); off 1.52605 adduct with malefe anhyddde, ... 
m.p. 102-103*, literature data [10 bp, 78-79% (9 mm); nb 1,5250, adduct with malefc anhydride, m.p, 102-100 


1,1°-Bicyclohexeny!s the yield was 77% b.p. 103-204° (7 mm), nf 1.5334 , adduct with malefe anhydride, 
mp. 122-123°, Literature data (10): b.p, 100-101° (5 mm), nj 1.5329 5 adduct with matefe anhydiide, mp, 
121-127, | 


The A*-tetrahydropyridazines were prepared by oxidation of the corresponding hexahydropyridazines 
(synthesized by hydrolysis of the hydrogenated adducts [4] of azodicarboxylic ester with piperylene and 1,1°-ble 
cyclopentenyl) with perhydrol in the presence of traces of cupric chloride, 


3-Methyl-A*-tetrahydropyridazines the yleld was 82 % b.p. 65° (16 mm} nb 1,4880 5 a 0.9666; MRp 
29,27. Calculated for C.}ijgNy ge 28.96°. 
\ 


The product of the addition to phenyl fsothlocyanate melted at 106° (from alcohol), 


Found %: C 65,60; 65,57 ; H 6,70; 6.78 N 12,605 1270 
CyzHisNjS. Calculated $s: C 65,71; H 6.89; 12,78 ° 


‘ 
3,4.5,6-Bis (cyclopentano) = A® -tetrahydropyridazines the yleld was 67%, b.p, 121-122 (8 mm)3 5 
1,5310; dg’ 1.05923 MRp 47.98. Calculated for CygHygNy F 47.65" « 


The product of addition to phenylsothlocyanate melted at 149-150 (from alcohol), 


Found %: C 67.99; 68.00; H 7.07; 6.98 : 
CygHyN,S. Calculated %3 C 68,193 H 7.07 


Decomposition of A® -tetrahydropyridazines, Attempts to decompose 3-methyl-A*-tetrahydropyridazine 
were carried out both by heating at atmospheric pressure to the boiling point (both alone and in the presence of 
potassium hydroxide, platinum, silver, and cuprous chloride) and by heating in an autoclave, No reaction was 
detected when the compound was heated at 250 ior three hours, and the original substance was recovered, On 
very long heating or with an increase {n the temperature to 300-350, tarring occurred accompanied by the 
evolution of a small amount of gas (~25% nitrogen, ~ 10% carbon dioxide, and ~ 50% unsaturated hydrocarbons), 
We were unable to separate a methylcyclobutane fraction by distillation of the reaction product, 








e+ «ue owes + ee ee ee 














3,4,5,6-Bls(cyclopentano) -A*=tetrahydropyridazine oxidized very readily in alr, even at room temperature, 


nS 


* The molar refraction increment for the group> N — N = was taken as 5,87[11). 























Evolution of nitrogen was not observed when the compound was heated to the boiling point under an atmosphere 
of CO, and in the presence of potassium hydroxide or platinum, It was almost completely converted to tar on 


prolonged heating (4-6 hours), 3 ; 
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A SPECTROSCOPIC INVESTIGATION OF a-METALLATED 
ALDEHYDES AND KETONES AND OF LITHIUM VINYLATS 


Academician A. N. Nesmeyanov, L. A. Kazitsyna, 
1. F. Lutsenko,and G. A. Rudenko ‘ 


M, V, Lomonosov Moscow State University 


In a nuinber of researches devoted to the study of reactions of a-mercurated aldehydes and ketones, St wes 
established that these compounds are capable of exhibiting dual reactivity (at the C and at the O), thereby forming 
two series of derivatives, In one case, as in the reaction with triphenylchloromethane, the compounds formed core 

“sespond to direct substitution of the mercury atom; in other cases, as, for example, undes the influence of acyf * 
halides, the reaction proceeds with transfer of the reaction center as a consequence of the strongly expresseé 
conjugation of the Hg~C and C =O bonds(@ = conjugation) 


@ - # conjugation Is so well developed in a-metallated aldehydes and ketones owing to the presence of 
a metal atom of comparatively high polarizability (Hg, Sn> For this same reason, changes In ti.2 nature of the 
absorption of the carbonyl group would be expected in the vibrational and electronic spectra of these compounds, 


We have carried out an investigation of the ultraviolet and infrared spectra in the absorption region of the 
carbonyl group of eight mercurated carbonyl compounds and of two ketones containing a tla atom alpha to the 
C=O group, Data from the infrared spectra, which were taken on an IKS-11 spectrometer, are presented in Table 
1; the ultraviolct absorption maxima of these same carbonyl compounds are shown In Table 2 (data for acetaldehyde, 
fsobutyraldehyde, and acctone are presented in the tablcs for comparison), 


As may be seen from Table 1, the carbonyl group frequency {s quite appreciably shifted under the Influence 
of the mercury atom; the shift Is commensurate with the shif: of this band under the influence of conjugation of the 
C =O group with a double bond or with an aromatic ring (1680-1665 cra 9[4}, 


The ultraviolet absorption spectra of the mercury and tin derivatives of oxo compounds had an intense 
absorptiou band in the region characteristic of carbonyl compounds (280-300 my}hence,the shift of the charace 
teristic band toward the long-wave region was insignificant, but there was a very strong focrease in intensity (by 
a factor of 200-300), . . 


TABLE 3 


Position of the Absorption Band of the C = O Group ina-Merscurated Oxo 
Compounds 





Frequency l ; Frequency 
Compound inem™! Compound te em** 
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(CALCCCH Ne {600° — H] CHACOCH,Sn (CyHs)o 
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TABLE 2 The data obtained from the infrared and ultraviolet 


Absorption Maxima in the Ultraviolet Absorp= spectra of a=metallated oxo compounds serve as a new 
lon Spectra of Carbonyl Compounds argument In support of the existence In such compounds of 
@ = # conjugation, a phenomenon observed in a number of 


chemical reactions, 





& 
e 


Compound 
In addition to the spectra of a-metallated compounds 


of the type RCOCH;Me (1), where Me is Hg or Sa, we also 
studied the Infrared and ultraviolet spectra of the simplest 
metal enolate with a structure Jsomeric with structure (1), 
The compound investigated was lithium vinylate, CH, 2 

* CHOLI, which was prepared from mercuridiacetaldehyde (6}, 
The infrared and ultraviolet spectra of this compound showed 
no absorption characteristic of the carbonyl group, On the 
other hand, a none of average Intensity corresponding to the 
C = C double bond was found In the infrared spectrum at 1610 cm™; the appreciable ans of the absorption band 
of the — bond under the Influence of the metal merits attention (from 1660-1640 cm * fa vinyl ethers to 
1620cm * for lithium vinylate), «4 this shift fs In good agreement with the shife {n the band of a double bond 
conjugated with a phenyl or a carbonyl group (1600-1625 cm Ty [4p : 





CH,CHO 

. CH,COCHs 
He (CH,CHO), 
ClHGCHSCH 


Siren ZOCH3)s the 


(Cites {,COCHs 
(CyH,)aSnCH,COCH, 
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These results confirsa the previous conclusion as te the C-structure of organomercury compounds prepared 
by addition of mercurlacetie acid to ethers andesters,and the O-structure of products of the ae of mercurle 
a with the alkall metals, 
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EXTRACTION OF RUTHENIUM NITROSONITRATE WITH ESTERS 
OF BUTYLPHOSPHONIC AND DIBUTYLPHOSPHINIC ACIDS 


Cosresponding Member AN SSSR A. V. Nikolaev 
and N. M, Sinitsya 


Institute of Inorganic Chemistry, Siberian Division Academy of Sciences USSR 


Reports of work on the extraction of uranium, plutonium, and a number of other elements with new alkyle 
phosphorus extractants have recently appeared in the Hterature {1,2,10}, The considerable interest in this class of 
compounds {s caused by the fact that they have a greater capacity for extracting uranium and plutonium from 
aqueous solu:ions than does tributyl phosphate (TBP), L, L, Burger has established that in the transition along the 


series from TEP to dibutyl butylphosphonate (DBBP) to butyl dibutylphosphinate (BDBP), the distribution coefficlem 
for plutonium {ncreases in a regular manner (1), the values beings 


TEP DBEP BDEP 
Pul¥ 1,57 32 170 
Puvl 1,1 16 99 


It is well known that ruthenium {s one of the major fission products, and that it causes considerable difficulty 
in the recovery of uranium, thorium, and plutonium by contaminating the organfe phase with B-and y activity 
{3}. The question of the behavior of ruthenium during extraction has been studied in sufficient detall only for TBP. 
Extraction with TEP has been studied by J. M, Fletcher (3,4), F. S. Mariin(7}, A. V. Nikolaev (5), and others, who 
investigated the dependence of the distribution coefficient of rutheniuns duzing TBP extractions on the concentration 
of the extractant, the acidity of the aqueous phase, the valence state of the ruthenium, the temperature, and the 
concentration of ruthenium {a the Initial solutions, It has teen established by the Investigations of J. M, Fletcher 
(3), O. E. Zvyagintseva (6), J. Jenkins (8), P, G. Brown [2] , and others that in HNO, solutions obtained by dissolving 
uzanium blocks in nitric acid, radioruthenium exists fn the form of nitrosonitrate complexes, 


For this reason, it seemed of Interest to study the behavior of ruthenium nitrosonitrate during extraction with 
DBEP and EDEP,since even during extraction with TBP,contamination of the re ene by radforuthenium has 
reached 70% in a number of cases (3, 


In our experiments, the extraction was carried out In separatory funnels at aratlo of water to organic phase 
of isi, The initial solution of ruthenium nitrosonitrate, which was prepared by the method of O, E, Zvyagintseva 
and S, M, Starostin (6) contained 0,1 g per Iter of carrier calculated on metallic ruthenium, and was 1 N with 
respect to nitzic acid, Measurement of the y -activity of the solutions was carried out by means of a scintillation 
counter with lead shielding 2mm thick, Esters of butylphosphonie and dibutylphosphonie acids diluted with saturated 


high-boiling hydrocarbons (SHH) were used as the extractants, The phases were separated by centrifugation, The 
distribution coefficients were calculated by the equation, 


_ specific _y ~activity of the organfe phase 
Kp Specific y -activity of the wates phase 
The relative error in the determination of the distribution coefficients did not exceed & 10% hie gk: 





Preliminary experiments established K, for ruthenium nitrosonitrate, prepared by the method indicated — 
{a extractions with TBP diluted with SHH, The results obtained are presented in Tabis 1, 
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On comparing the Kp values obtained for TEP extraction with - 
those obtained for DBSP extraction, it fs seen that there {s no sharp 
difference in the behavior of ruthealum altrosonitrate whea one ester 
group fs eliminated from the extractant molecule, 


a 


Kp for ruthenium nitrosonitrate was higher fa BDL? than fa TBP, 
A single extraction with undiluted BDB? gave &8% extraction of ruthee 
alum , which corresponds to Kp*6.5 


x} 


From the data obtained, which are presented graphically ia 
Figure 1, {t {s seen that at low concentration of the extractants In SHH, 
Kp for ruthenium nitrosonitrate fs about the same regardless of the 
ester used; it increased rapidly with an inczease In the conceatratios 
of extractant, and the values fn the pure extractants differed considerably, 
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pom. be eta Fg % Consequently, the extractants studied can be arranged {fn the 
diluent, % following series with respect to increasing extraction of ruthealura 
nitrosonitrate into the organic phases TEP? < DELP < BDEP., On the basis 
of these results {t can be concluded that with a decrease In the number of ester groups In the extractant molecule, 
the reactivity of the free paler for electrons on the phosphoryl oxygen Increases, This is explained by a decrease 
in the number of electron-acceptor groups (= O—C,H,) and by a shift of the electron cloud of the molecule 
toward the phosphoryl oxygen, which fs the cause of the basic interaction with the substance belng extracted. A 


similar regularity of increasing reactivity has been noted in the phosphine series 
° (RyP > R,POR > RP(OR),> POR) ? PCL. 
where a {s saturated aliphatic radical (9). ; 
Hence, it follows that by substituting a radical of higher electron-donor tendency (i) : 
; [City < Catt, < CH(CH < O-GHy < C (CHRD. 


for an ester group, ft is possible to increase significantly the extractive capacity of organic solvents of the above 
class, This approach to the structure of extractants fs undoubtedly of interest in the selection and synthesis of new 
extractants, 
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TUNGSTATES OF ZIRCONIUM AND HAFNIUM 


Academician Vikt. I. Spitsyn, L. N. Komissarova 
and Z. A. Viadimirova 


M, V. Lomoaosov Moscow State University 


Information available in che Mrerature on zirconium tungstates fs fragmentary and contradictory; hafalura 
tungstates are rot described In the Lterature, Normal zirconium tungstate, Z(WO,); , a green, difflcultly fusible 
substance, has been prepared by fusing together the calculated amounts of ZrO, and WO, {a an oxyhydrogea Name 

{i}. The conditions required fer the formation of hydrated zirconium tungstates of the compositions 5210, ° SWO,e 
© 30H,O and5ZrO,° TWO,° 21H;,O [2,3] and the mixed salt zirconyl chloride tungstate ZrClg *° 2Z1( WO), ° 2Z103 
[4) are known, However, the existence of the latter compound as a chemical individual {s not very probable. The 
Lterature contains no information oa the properties and structures of zirconium tungstates, except for qualitative 
information on solubility and the results of chemical analyses, ? 


The present work was devoted to the synthesis of hydrated and anhydrous zirconium and hafnium tungstates 
and to a stucy of some of thelr pooperties, 


The hydrated zirconium and hafnium tungstates were prepared by the Interaction of solutions of stone oe 
hafnyl nitrate and ammonium nitrate. The concentrations of the original solutions were 10 g/ Iter of Z1O3 (c8 
H{0,) and WO;, The solutions were poured together slowly and with stirring. The solutions were taken In suck 
amounts that the molecular ratio of ZrOy (or HfO3) to WO, wat 131, Zirconium or hafnium hydroxide precipitated 
when the pH of the final solution was higher than 22. A collofdal white precipitate formed when the pil was ia 
the range of 1.8 to 3.2, and this was coagulated by heating In S7 NH,NO;j solution, Analysis of the filtrates fadice 
ated that the initial substances had reacted completely. The precipitate was separated from the solution, carefully 
washed with water, and dried at 60° to constant welght, ; 


The anhydrous zircoalum tuagstates were prepared by sintering zirconium (or hafnium) oxide or hydroxide 
with an equimolar atrount of tungstie acid; the sintering was carried out for 6 hours at a temperature of 1307, 
ln order to avold volatitization of WO,, the furnace was heated to 1100 prior to the introduction of the reactios 
mixture, The formation of a new phase was checked by x-ray phase analysis, Quenching of the products from 
the sintering of the mixtures of ZrO, and WO, (1: 1) and HfO, and WO, (13 1) resulted Ia the formation of white 
finely crystalline substances, the x-ray patterns of which were extremely simflar and characterized by a pecullar 
collection of lines, The compounds were not formed when the sintered masses were cooled slowly, When the ZrO, 
(or HfO,) snd WO, were sintered in other ratios, for example, 1; 2, 1:3, and 2:1, 1:1 compounds were formed 
containing an excess of one component or the other, New lines indicating the existence of substances with othes 
tatios of oxides were not observed on the x-ray pattems, 


Analysis of these compounds was carried out by the alkaline fusfon and pyrosulfate fusion methods, In the 
first method, the substance was fused with a 1,5-2-fold excess of solid NaOH until a transparent melt formed, The 
cooled melt was leached with hot water; tungsten was determined in the solution, and the residual zirconium 
hydroxide was calcined at 800-900 and weighed, In the second method, the substance was fused with a 10-186 
fold excess of potassium pyrosulfate, and the cooled transparent melt was leached with hot water the zirconium 
was determined in the solution, and the residue, WO,nH,O was calcined at 700° and welghed, The amount of wates 
in the hydrated zirconium and hafnium tungstates was determined by the welght loss when the substance was calcined 
at 707 to constant weight, The average results (from 5-6 experiments) of the analyses of the compounds are pree 
sented in Table 1, In accordance with the analytical data, the following formulas are assigned to these compounds 
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TABLE 1 





Ratlo 
Compound D % Z:(H1)Ug: WO,:H,0 
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Arh Niroushafnt-| _ $,04: 1,00 weight of ZrOW04-1.5i4,0 during heating 
a — (average rate of temperature rise, 1P 


per minute; sample welght, 0.9719 g), 




















ZrOWO, * 1.5H,O , ZrOWO,, HfOWO, * 2H,0, 
HiQWO,. ; 


The hydrated zirconyl and hafnyl tungstatcs were 
white substances which, according to thelr x-ray patterns, 
were amorphous; they sbsorbed molsture from the atmose 
phere. The lage number of lines (over 70) on the xera, 
patterns of the anhydrous zirconium and hafnium tungstates 
indicate that elther thecrystal lattices of these compounds 
aze of low symmetry or that at least one of the axial 
parameters haz a high value, The high values of the 
Fig. 2 Heating curve for ZrOWO,°1,5H,0 glide angles are In conformity with the rather low densities: 
(average rate of temperature rise, 12 per min), 5.27 for ZrOWO, and 6,27 for HfOWO,, (The densities 
were determines oycnometrically at 25°), 








In order to confirm that these compounds wese 
chemical Individuals and In order to comipaze thels 
properties, thefr thermal stability, voiatility with steam, 
and behavior toward different reagents were investigsted, 


The conversions which the zirconyl and hafnyf 
tungstates undergo when heated were studied with 8 
Kumakov pyrometez; the samples were suspcaded in 8 
manner which permitted continuous we’ghing, Chaages 
in the structures of the substances and the formatioa of 
new crystalline phases were determined by x-ray phase 
analysis, According to the curve showing the Giange is 

Ge, weight (Figure 1) and the heating curves (Figures 2 and 
Fig. 3. Heating curve of HfOWO, ° 2H,0 (avere 3), the dehydration of ZrOWO, + 1.5H,0 and HfOWC,* 
age rate of a rise, 12 per minute), " - 2H,0 proceeded fn two sta,es; cne mele of water was 

lost in the temperature Interval 80-240", and the rems'ne 
ing water was lost at 450 -550, The loss of water proceeds without a change in the amorphous stzte of the sub 
stances, According to x-ray phase analysis, complete dehydration of the compounds was accempanied by decome 
position to the oxides ZrO;, HfO;, and WO;. In addition, monoclinic 2103 and Hf, and the high-temperature 
thombiec modification of WO, crystallized in the temperature interval 740-800; zhels formation was recorded 
on the thermograms of the zirconium and hafnium compounds as exothermic effects. Crystailizailon of ZrO, and 
WO, proceeded through a stage in which the low-temperature cuble form of ZrO, and mcnoctinic WO; were formed 
(exothermic effect at 100-740°), The anhydrous zirconyl and hafnyl tungstates decomposed to the oxides whea 
heated to 800-850, The heating curves of ZrOWO, and HfOWO, were much alike, The thérmogram of ZrOWO,, 
which is presented in Figure 4 as an example, clearly shows 2 effects, The first exothermic effect (850-900) was © 
due to decomposition of the substance, which proceeded with the formation of monoclinic ZrO; and thomble WO», 


The endothermic effect (1150-1180°) was due to the reversible transition of the monoclinic modification of ZrO, ad 
the tetragonal, . 
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TABLB 2 


_ Volatility of Zirconyl and Hatayl Scape in a Current of Stearn Sample weights 03g 
rate of steam feed, 4.5 ml/sq cm*hey experiment time, 1 hour Ppt the 
Weight loss, % Ratio ZrO, (or H{O,): WO, in residue 
is oo HIOWO,24,0 Sa <i 
= Imnolsture | molsture ZrOWO, [ZrOW0,-1,8H,O HIOWO,-2HO 
a% | i2% 






































The study of the steam volatility of these compounds 
was carried out at different temperatures {no order to detere 
mine the temperature dependence, The apparatus used 
for this purpose has been described fn previous. papers (5), 

All experiments were carried out under the same conditions, 
The substance, ground to a grain size of < 100 p, was placed 
in a furnace preheated to the desired temperatwe, Distillation 
of the compounds and, for comparison, of WO, was carried 
out at 600,700, 800, 900,and 1000, Atthe conclusionof 
Fig. 4. Heating and cooling curves of an experiment, the amounts of ZrO, or HfO, and WO, fa the 
ZiOWO, (average rate of temperature rise, _ tesidue were determined, The results are presented in Table 
1¢°/ minute) - 2, where the values given represent averages of 4-5 detere 
minations. The hydrated zirconium and hafnium tungstates - 
TABLE 3 ides are rather highly volatile with steam, and the volatilities 
of these compounds increase with an increase {n the bounde 
Behavior of Hafayl and Zirconvl Tungstates water contents of the compounds, At 700 where both 
Toward Reagents: compounds distill without decomposition, the size of the 
fractions of ZrOWO, * 1,5H,0 and HfOWO, © 21,0 distilled 
were 13-11% (8% molsture) and 30-40% (13% molsture) 
greater than that of WO, An increase In the temperature 
led to decomposition of the substances, but the bafniura 
0,083 compound was characterized by a higher thermal stability 
ee $ than the zirconium compound, The volatility of the ane 
$330 ‘hydrous tungstates was almost the szme magnitude as that 
of WO;, However, in this case also there was observed the 
same difference in stability of the zirconium andkafnium 
compounds, ZrOWO, and ZrOWO,  1.5H,0 underwent decomposition as low as 800, while HfOWO, and HfOWw0g 
*2H,O werestable in a current of steam up to 1000, The ratio HfO,: WO, In the residue of distillations at 700 
900 remained constant at 131, 
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The study of the behavior toward reagents was carried out with concentrated solutions of HCl (36%), Hh 
(25%), HzSO, (94%), NaOH (20%), and NH,OH (29%) at room temperature (18°) and with heating (85-90), A 
specific welght of the substance (0,12=0,20 g) was treated with 50-100 ml of the reagent for 4 hours with perlodie 
stirring, The residue was washed with water, dried at 100°,and weighed, In the case of the anhydroustungstates, 
the residue was subjected to xeray phase analysis, The investigations showed that the hydrated zirconyl and 
hafnyl tungstates interact with the reagents used considerably more readily than do the anhydrous compounds, 
Even {9 the cold, the samples of ZrOWO, * 1,5H,0 dissolved completely in NaOH and H,F, solutions, In concene 
trated HCl and H,SO, solutions, complete solution of the compound was attained only by heating, ZrOWO,°1, 58,0 
Was considerably less soluble in NH,OH than was tungstic acid (by a factor of 30), The anhydrous tungstates 
ssolved only to a certain extent in NaOH and H;F;, and then only when heated; both compounds were only vesy 
slightly soluble in concentrated solutions of H,SO,, HCl, and NH,OH (Table 3), On interaction with HCl and 
H,SO,, zirconyl tungstate decomposed, while the hafnium compound remained unchanged, It should be polated 
Out that the rate of solution of HfOWO, was 3-4 times greater than that of ZTOWO,. 
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A COMPARISON OF KINETIC RELATIVE ADSORPTION COEFFICIENTS 
WITH RELATIVE ADSORPTION COEFFICIENTS DETERMINED | 
BY MEANS OF THE BET EQUATION 


A. E. Agronomov, Academician A. A. Balandina, 
and Tu. S. Mardashev , 


M, V. Lomonosov Moscow State University , N. D, Zelinskil Institute 
of Organic Chemistry Academy of Sciences USSR 


By developing the concepts of Langmulr, Erunauer, Emmett, andTeller {1}, in 1939, derived an equation foe 
multilayer adsorption taking into account adsorbent-ad:orbate interaction in the first layer and pestafaing to ade 
sorption over the entire surface; the BET equation may be writtens 


pe : ta 2 : ; 
; a0,—h 3,6 + G,¢ Po ad 
The adsorption coefficient ¢ may de determined by a graphical solution of Equation (1) by plotting —_ 
against a= « In 1942, one of us [2] derived a kinetic equation for unimolecular reactions In a flcw system, the 
equation eed based on the assumption of a Langmulr adsorption fsotherm; a method has also been proposed for 
the calculation of relative adsorption coefficients from kinetic data (3), and this pesmits determination of thess 
coefficients for the catalytically active centers of the surfaces- 


Later a kinetic equation of unimolecular reactions in a fiow system was developed without any assumptions 
as to the form of the adsorption fsotherm [4]. This equaticn differed from the equation of reference [2] only in that, 
as shown in reference [4}, the relative adsorption coefficients entering into this later equation may relate to any 
form of adsorption isotherm: Langmulr, Temkin, BET, etc, Kinctie methods for the determinatfon of relative 
adsorption coefficients have been considered in detail in reference [5}, 


Equation (2) may be used for the determination of relative adsorption coefficients from Kinetic datas this 
equation fs identical to Equation (52) of reference (6}, 


mt) 
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where m {s the number of moles reacted, A, 1s the number of moles of the ath, substance admitted to the 
reactor, K {s the rate constant, and Z, {s the relative adsorption coefficient of the rth substance, Equation (2) 
is quite accurate up to 30% conversion, Equation (1)assumes that the surface Is homogeneous, while Equatios 
(2) applies both forhomogeneous and forquasfhomogeneous surfaces (6}, 


It is interesting to compare relative adsorption coefficients obtained by means of Equation (1) with relative . 
adsorption coefficients calculated by Equation (2), Using a somewhat different method for the solution of the 
kinetic equation for unimolecular reactions in a flow system, T. V. Antipina and A, V, Frost (7) carried out 8 
detailed comparison of absolute adsorption coefficients for the dehydration of ethyl alcohol over aluminum oxide, 
The authors came to the conclusion that the absolute adsorption coefficients differed by two orders of magnitude, 
Hence, st was concluded that the adsorption and catalytic centers differ in nature, Recently, K V. Topchieva and 
B, V, Romanovskil (8), by more carefully drying the ethylene, obtained ene: adsorption coefficients which dife 
{cred from those reported in reference (T}, 




















TABLE 1 As a subject for our investigation, we selected 
the dehydrogenation of cyclohexane over supported Ni 
catalvsts, The catalysts were prepared by impregnation 
of the carricr with Ni (OH), with subsequent drying In a 
drying cabinet at 110° and reduction In a stream of 
hydrogen by the method described in reference [9}, The 
Ni(OH), , in turn, was prepared by precipitation from @ 
molar solution of nickel altrate with a 20% solution of 
No. Ni/Al;Os NaOH, The precipitate was washed free of NO,’ fons 
with distilled water (negative test with diphenylamine), 
paeianetest es, 3 : Catalyst 1 was prepared differently by coprecipitation 
No3 NIJAIOs, AliOs from a solution of the calculated amounts of NI and Al 
from the acetate nitrates with a 20% solution of NaOH, After the pree 
No.4 Nifdeselguhr ’ cipitate had been washed to a negative test for NO,’,ft | 
’ was treated identically to the other catalysts, The 
elie aickel content of ali catalysts was 23.5 wt. % The 
adsorption fsotherms were determined by a gravimetrle 
method(10} using a quastz spring balance, 





Catalyst 
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The BET adzorption coeffictents were determined by graphie 
cal solution of Equation(1), By way of example, the curves for 
Catalysts Nos, 1 and 2 are presented in Figure 1, As Is weil known, 


the Intercept with the ordinate gives the value of — ang 


— 


the slope of the line {s equal to e From these valves, the 


BET adsorption coefficients rae for benzene and cyclohexane 
were calculated; the satlo of these coefficients Is the BET relative 
adsorption coefficlent (z3-7) (see Table 1, Columns 1,2, and 3), 
The kinetic relative adsorption coefficients were calculated by 
means of Equation (2). 





The dehydrogenation of cyclohexane was carried out in a flow 
system by a previously described method {10}; the amount of 
"v catalyst (volume V) was such that the conversion did not exceed 
Fig. 1. BET adsorption coefficients 30%, An experiment with pure cyclohexane was carried out fing 
for Catalysts Nos, 1 (1) and 2 (2). a) in this case, Equation (2) transforms to 
beazene; b) cyclohexane. AR 


ere oe 
Ao experiment with a mixed feed was then onlin out at the same temperature; the total number of moles of 
feed remained constant Ln these experiments, Anozher experiment with pure cyclohexane was then carried out 
to confirm that there had been no catalyst poisoning, Theoretically, the rate constants K in Equations (2) and (3) 
should be {dentical for an. uncomplicated case, This was experimentally observed in the work of one of us together 
with Yu. K. Yur’ev (11), according to which the energy of activation for the dehydrogenation of xylene -dimethyle 
cyclohexane mixtures over NI/A1,0, catalyst did not change for mixtures containing down to 107% dimethylcycloe 
hexane, This observation was conflrmed by us for benzene -cyclohexane mixtures over Catalyst No, 3, 


Values of the relative adsorption coeffictent for benzene as determined from adsorption and from Kinetle 
data are presented in Columns 3 and 4, respectively, of Table 1, It {s noteworthy that the values of these two 
series are close to the same, The slight divergence in the case of the Ni-on-silica-gel catalyst may well be dus 
to a dependence of the kinetic relative adsorption coefficient on mixture composition for mixtures rich in benzene, 
a dependence actually observed for this catalyst (see Table 2), 


Thus, the BET equation fs applicable in the case of cyclohexane dehydrogenation over supported Ni catalysts. 
(see Figure 1), and, within the limits of mixture composition Investigated, the general kinetic equation for unte 
molecular reactions in a flow system from reference (4) {s justified, as ls apparent from the constancy of z in Table 
2% The relative adsorption coefficients of the catalytically active centers were practically the si same astherelae * 
tive adsorption coeffictents for the entire surface, 
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No, 1 
Y =6 mi 














No. 2 
V = 16,5 ml 















































The equality Zy anid BET can be considered as confirmation of the concept proposed by one of us [12] tha8 
sites with an average adsorption strength are the catalyticaily active sites, 
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ON THE MECHANISM OF THE FORMATION OF ALDEHYDES 
DURING DEHYDROCHLORINATION OF LOWER ALKYLENS 
CHLOROH YDRINS pe" 


P. Ve. Zimakov and lL. M. Kogas 
(Presented by Academician B, A, Kazansidf, April 1, 1959) 


We have previously shown that the conversion of lower dines chlorohydrin (ethylene chlorohydrin, 
propylene chlorohydrin) to the corresponding a-oxlde or aldehyde = 


-na sear sil 


mc ; 


proceeds with good ylelds, the product depending on the nature of the medium In which the reaction fs carrled. 
out(1}, Of the two isomers of propylene chlorohydrin, only the B-isomes can be converted to the aldehydes the 
a-Ssomer fs not capable of undergoing such convessios 


HO—CH,—Cli,—G 


8 e: 
CH, —CHCI—CH,OH _ Clits —CioH)—CH 


—HQa ~-HG 
. oO . : 


HiC—CH—CHy Cit — CH — iC—CB—CHy 


The conversion of lower alkylene chlorohydrins to a-oxides proceeds by the Wurtz reaction In media ofhigh 
pH, such as solutions of alkalies or suspensions of alkaline earth metal hydroxides ("milk of lime*), Conversion 
to aldehydes proceeds especially smoothly in a suspension of nickel hydroxide {1}, It has beea claimed that a2 
appreciable yield of aldehydes {s obtained by decomposition of alkylene chlorohydrins in a medium of °milk of 
magnesia" (2}. Certain considerations zelating to the probable mechanism of the similar dual reactivity of suck 
simple compounds as the lower alkylene chlorohydrins are presented below, 


The alkylene chlorohydrins have two easily polarizable atoms, Cl and O, which are located Be to each 
other, Such a disposition promotes thelr mutual effect on each other, which Is frequently accompanied by a change 
in the valence state of one or both atoms, An example of the special “activity® of such B- disposition of a chlorine 
and an easily polarizable sulfur atom {s to be found in the yperite [6 ,B *-dichlorodiethyl sulfide) molecule, the. 
pecullar toxicity of which fs due to the ease with which the sulfur and chlorine atoms change valence [3}, 


i Chis 
CICHs — CH —S—CHs— CH,Cl $= CICH,—CHy -¥| +2 
He 
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Ethylene chlorohydrin (and propylene chlorohydrin), as a consequence of the pecullarltles of {ts structure, 
{s also a compound In which the polarizable atoms are very active, This !s the reason for {ts reactivity, It fs 
well known that, on long standing, even anhydrous ethylene chlorohydrin forms a certain amount of diethylene 
glycol chlorohydrin with the liberation of an aquivalent amount of HCl (4}. Such a conversion {s brought about 
by a transition of the individual molecules of the chlorohydrin to an "actlve® — form with changes in the 
valence states of the oxygen and chlorine (5) 


NO — Cilg — C11 ,Cl = ,C— Cis + Cl” 


i 


It was previously shown that the Wurtz reaction leading to the formation of ethylene oxide proceeds through 
precisely such an active form of the chlorohydrin molecule with an oxonium oxygen and fone chlorine [6} _ 


: NaOH 
HO—CHy—CH,Cl + 1;C—Cits 4 Cl" ——-«. 
—+ HisC—Ciiy--NoCl+ HO . 


The formation of propylene oxide from propylene chlorohydrin proceeds by the same mechanism, Ia this, both 
propylene chlorohydrin fsomers ( a and B ) react practically alike, 


In actual practice, the ethylene oxide formed In the Wurtz reactions {s always accompanted by a small 
amount of acetaldehyde (7}. One of the first to note this was Krasuskil [8], who also showed that the formation 
of acetaldehyde Increcses with a decrease In the alkalinity of the medium, In explaining the formation of acete 
aldehyde, Krasuskif assumed the addition of the elements of hypechlorous acid to ae ned formed eases 
oxide with the formation of the ethyl ester of hypochlorous acid, 


At the present time, it may be considered probable that In media not cofitaining an excess of hydroxyl fons, 

the ethylene chlorohydria molecule can assume a second active, “chloronium®, form with the elimination of s 

hydroxyl foas . 
: HO —CHs—CH,Cl $= H,C—CHs + HO- 

: ° 
Such an assumption necessailly follows from the mechanism assumed by many incniaiene for the formation of 
ethylene — — the chlorination of ethylene in an aqueous medium (10]s 
Cla Cle + Cl” ; Sra 

H.C =CHs+Clt--H:iC—CHy . 


HO— Cie CE 


o~ CHs—CH,G 


La 


Analogous active forms, but with a different degree of stability, exist for the lsomers of propylene chlorohydrin, 
Thus, the a-lsomer, which is formed to the extent of almost 90% during the hypochlorination of propylene {a 
aqueous medium, naturally has little tendency to go Into the chloronium state; on the other hand, the 5 -lsomer, 
which is formed to an extent of up to 10 % during a of propylene, relatively readily goes into the 
chloroniura active state [11}, 











a Cl—-Cil,— i — Cilg—/j—+ Practically no chlorontum is 
H 


formed 


B HO—CHy—CH—CiyS= 89° + H,C—CH—CHe 

; i* 

The actual behavior of the fsomeric prorysene chiosohydrins depends on thele structuress in the a-lsomer, ~ 
the chlorine occurs B= to a methyl group, which fncreases its electronegativity, so that it cannot undergo transition 
to the chloronium state, On the other hand, the 8 «fsomez has Its mcihy! group as to the chlorine, and this proe 
motes its transition to the chloronium state, simultaneously Increasing the tendency of the hydroxyl to be eliminated 
‘as an fon, « 


Krasuskil also noted that lsomerization of a-oxides to aldehydes proceeds only in weakly acidic media (8}, .. 
This observation was later confirmed (12). Hence, it is undersiandable that the formation of aldehydes during 
the elimination of the elements of HCi from alkylené chlorohydrint can tske place only in those media which 
do not have an excess of hydroxyl fons, An aqueous suspension of nickel —ydroxide is a particularly sultable medium 
{1}. Why Is this medium particularly favorable for the formation of aldehydes ? Nickel hydroxide, NI (OH), » is 
only sparingly soluble in water, and does not impart a basic (2ikaline) reaction to the solution (does not coloe- 
turmerle paper), It can be assumed that the interaction of ethylene chlorohydrin with an aqueous suspension of 
— — at the boiling point proceeds through the — stagess 


NIOH)s = <—Ni=O+ H,0 (Nie e: O-- Nit—0) 


On 
(Nit — 0% +{110- HC — + nf 
a « d-~cH—CH, 


, Ds 
ni ~ ni? +0=CH —CH, 
\-cH —CHs 


Similar alcoholate forms of nickel compounds have been descnded by Reope in connection with the catalytic 
fsomerization of olefins in the presence of nickel chloride and ethylene oxide {13}, 


The great tendency to form a basic chloride {s an Intrin-fc property of nickel, and the {ntermedlate compound 
with the alkylene chlorohydrin readily loses a molecule of a achyde to form the basic nickel chloride, The 
a-lsomer of propylene chlorohyd:in, which has no tendency *o sp'it off a kydroxyl and to form a chloronium fon, 
does not generally react with an aqueous suspension of nickel hycroxide {1}. In alkaline media, this does not 
prevent the a-lsomer from forming propylene oxide in good yield, the reaction proceeding through the Intermediate 
oxonlum form, It {s evident that in a medium of *milk of magnesia® where the yleids of a-oxlde and aldehyde 
are approximately equal (14), both reaction chains proceed iu paralle®, 
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INFRARED SPECTRA OF FERROCENES. CONTRIBUTION TO THB 
QUESTION OF THE MUTUAL EFFECT OF SUBSTITUENTS 
IN THE FERROCENE MOLECULB 


ee te 


L.A. Kazitsyna, B. V. Lokshin, and Nik. A. Nesmeyanoyv 


(Presented by Academician A. N, Nesmeyanoy, February 21, 1959) 
M, V. Lomonosov Moscow State Univesity * °- 


It has recently been shown that the mutual effect of substituents fs effectively transmitted throughout the 
entire ferrocene system from ring to ring 1-3}. This conclusion was formed on the basis of a comparison of the — 
dissociation constants of ferrocene carboxylic acids of the type Y-CsH, = Fe - CHg - COOH, Asa — of this 
study, the substituents were arranged in the following order with respect to thels effects 


Cis Oats < Hi < COOCH; @ COCHs < CN < SO,NH, < SOF, (1) 


where the substituents to the right of hydrogen Increase the dissociation constant of the carboxyl ang those to the 
left decrease it, | . . 


The mutual effect of substituents in the ferrocene system on the Infrared spectra fs apparent as 3 change 
in the frequency of a sustituent In one ring under the influence of different substituents {a the other ring of the 
molecule, As a consequence of the fact that the carbonyl frequency Is characteristic to a high degree, It was 
possible for us to carry out an Infrared spectroscopic investigation of the serfes indicated above and to extend the 
investigation to esters of ferrocene carboxylic acids having different substituents in the other cyclopemtadieny’ 
ring, : 


The spectra of these compounds, which were obtained in the region covered by 8 NaCl prism using a paste 
of the material in vaseline ofl, are presented In Table 1, 


However, data oa C = O frequencies obtained from compounds In the solfd state are not very sultable foe 
purposes of comparison. In sollds, the frequency {s shifted by tntermolecular dipole-dipole interaction betwees 
the molecules in the crystal lattice, which has a very strong effect on the frequencies of such polar groups as 
the carbonyl group, Strong intcrmolecular interaction can significantly distort the picture due to Intramoleculas 
interaction, In addition to shifting the frequency, intermolecular interaction sometimes leads to splitting of the 
frequencies, Thus, three absorption bands were found for compounds 1 and 9, although there {s only one C2 O 
group in the first compound and only two in the second, Similar splitting was also found for compounds 6, 7, and 
14, Table 1; this considerably hinders frequency assignments, 


In order to remove these additional effects caused by intermolecular interaction, we obtained the infrared 
spectra of the same compounds In solution, In spite of the fact that, in our cate, carbon tetrachloride would have 
been the most sultable solvent (owing to {ts nonpolarity and slight Interaction with the dissolved substance), we 
were forced to use chloroform, since most of the compounds studied are diffictltly soluble i: carbon tetrachloride, 
C =O group vibrational frequencies for the solid compounds and for solutions are presented in Table 2 


It is apparent from Table 2 that the carbonyl group frequency changes with the transition from the solid state 
to solution, The frequency splitting observed for the solid state disappeared for solutions, although for compound 
8 one of the carboxyl bands was, nevertheless, diffuse, probably owing to interaction with the solvent, . 
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TABLE 2 abs 








“cw0'*™ $n solution “cmot™™ pasts in 


Nos. | Substance * vaseline off 





S0,CHs FCCOCH, 1662-1087, 4749 


2 a 
SO,CIF COOCHs 
CH OCF COOCHs “ : 
Cihi,0CFCOOCHIs 1679, 1718 1676, 1718 
* 4720 41712 

1712diffuse 
~ 1678, 1696—170Sdiffus 
1704—1712 1696—1704 


1704 
1704 


OSIM NH ww 


— 


1692 
166Showlder 1682 


1682 
1682 


1718 


Note. In the case of keto acids and keto esters, the lower frequency fs assigned to the 
ketone carbonyl and the higher to the acid or ester carbonyl, In the case of the monoestes 
and the ester—-amide of ferrocenedicarboxylic acid, the higher frequency was —_— to ° 
the ester group. , . 


A comparison of the C =O group frequencies of the compounds In chloroform solution shows that the pree 
sence of a substituent in the other ring changes the carbonyl group frequency to a significant extents thus, for estes 
of ferrocenecatboxylle acid scuttoeats in the second ring gave carbonyl frequencies as Indicated: SO;CHy Mog 
1723 cm"? ; C.Hy = 1696 = 1704 cm™ ; for the substituted acids: SO;F y. = 1704 cm? , and CHg and City 
1672 cm}. It is also clear from Table 2 that an increase In the electrophilic nature of the substituent facreases 
the frequency of the C = O bond of the carboxyl (and carbomethoxyl) group attached to the othes ring of the 
ferrocene molecule, and, accordingly, the substituents can be arranged in the following osdess 
with respect to effect on carboxyis 


Cl = Cais < COOKH, < Coc < oN < SO,NH, = SOP, (2 
with respect to effect on carbomethoxyls 














Cy, < Cay < COOH < COOCHs < COCGgH, <= COCHs < SO,C1 < SC,” « SO,CHe (3 


These series are In good agreement with each other and with the serles based on a comparison of the dise 
sociation constants of ferrocenecarboxylic acids, An exception {s the position of the absorption bands of uisadsthe 
tuted acids and esters which are found at 1712 cm™ for the ester and at 1682 em™ for the acid; f.e., hydrogess 
falis in the series between the CH,CO and CH,OOC groups , wh!'c in the series based oa acid dissociation constants, 
hydrogen falls between the alkyl and COOCH, groups, We still do not have an explanation for this, 


In spite of this discrepancy, the infrared spectra confirm the conclusion that the effect of substituents fs 
transmitted from one ring of the ferrocene molecule to the other, and the effect of substitucats on the carbonyl 
frequency of the carboxyl (or, correspondingly, carbomethoxyl) group has basically the szme character as the 
effect on dissociation of the carboxyl group; Le., an increase in the characteristic frequency of the C=O bond 
Occurs concurrently with an increase in the dissociation constant of the comesponding acid, 
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THE INTERACTION OF y -OLEFINS [PERFLUOROOLEFINS) 
WITH HYDROXYLAMINS = 


\ 


Academician I. L. Knunyants, é. G. Pergvalova, 
aod V. N. Frosia 


Among the numerous addition reactions of nucleophilic reagents to perflvorcolefins, the addition of hydroze 
ylamine has not been studied, As would be expected, hydroxylamine adds readily to perfluoropropylene and 
perfluorolsobutylene; the exothermic reaction begins readily when perfluoropropylene (or perfluorolsobutylene) 
is passed into an alcohol (or ether) solution of hydroxylamine precooled to « low temperature (0° in the case of 
perfluoropropylene and -50° in the case of perfluoroisobutylene), The initlally formed products of the addition 
of hydroxylamine to the perfluoroolefin are unstable and spontaneously split out hydrogen fluoride during the © 
course of the reaction, being converted thereby to hydroxamic acid Nuorides of the coresponding a 
perfluorocarboxylle acids, The hydrogen Muoride liberated combines with the hydroxylamine 

: F 
—HP 
CFsCF «= CFs + NH,OH - [CF3CFHCFsNHOH] —~ cr,crid NOH 
HF + NH,OH -* NH,OH-HF, 


The resulting 2-hydroperfluoropropionchydroxamie and a-hydeopestianahiieasiiibiaiaads acid Muorides 
were fsolated in the form of complexes with the alcohol or ether (cepending on the solvent used), 


These compounds were colorless, transparent liquids with a sharp odor, they were Insoluble in water and 
readily soluble in the usual organic solvents, They gave a positive test for hydroxamfc acids with ferric chlonés 
in a boiling aqueous solution of sodium bicarbonate, The structuresof these compounds were proved by the fole 
lowing transformations, ; 


° 


P F 
CF,CF He” -CH,0H (I) G CFC -CH,OH 


NOH NOHJs 
F 


F 
CF;CF He” (C:H;);0 (1) Ga )CFHY +(C3H;)0, Iv 
NOH/ NOH 4g 


1, The complex of 2-hydroperfluoropropionohydroxamoyl fluoride with ether wes hydrolyzed with water, 
hydrochloric acid (d = 1,19), and sulfuric acid (d = 1,84), In the first case, the previously undescribed 2-hydroe 
perNuoroproplonohydroxamic acid was obtained in 25 % yield; the colorless crystals melted at 98-99%, 


, . P ag 
CF,CFHC «(CaH1,):0 — ha CFCFHC 
NOH/s NOH 


This same acid was obtained from the methyl ester of 2-hydroperfluoropropionie acid and apheeauiie, 4 
mixture of the hydroxamic acids prepared by these two methods showed no depression of the melting point 
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The hydrolysis with concentrated hydrochloric acid led to the formation of 2ehydrcperMuoropropionic acid 
(identifled as the amide), 


F OH 
7 


CF,CFHC ) camo 2 © cEcFHC’ O CF,CFHCOOH+4NH,OH-HCl 
V5 . 


NOt NOH 
The action of concentrated HzSO, brought about a pecullar esterification reaction with the formation of esters of 
2-hydroperfuoropropionic acid, The physical constants of the methyl and ethyl esters and of the amide prepared 
from them were {a agreement with those reported previously (1}, 


FP 
CF,CFHC’ (CaHy),0 1504 CF,CFHCOOG,H, 


P 


cFCFHC” -CH,OH 150s CE CFHCOOCHs 


NOH 


2. The reaction between the ethez complex of 2-hydroperMuoroproptonohydroxamie acid and an alcoholle 
solution of sodium methylate resulted in the formation of the methyl ester of 2-hydroperfluoropropionic acid and 
sodium fluoride; this confirms the presence in the compound of cn acid hallde Muorine, Hydrolysis with concene 
trated HCI of the ethér and alcohol complexes of the acid Muorides of 2-hydroperMuorolsobutyrchydroxamle acid 


gave good ylelds of 2-hydroperfluorolsobutyrohydroxamle acid, (CF;)z CHC Now (m.p. 119,5-120°), These * 


complexes differ with respect to stability. Thus, ff the reaction m{xture resultIng from the passage of perfMuorce 
propylene through an alcoholfe solution of hydroxylamine 1s immediately distilled, the complex of 2-hydzopere 
fluoropropionyl fluoride with alcohol fs separated, If the same reaction mixture {s diluted with ether before distille 
ation , the major reaction product $s a complex of the acid Nuorlde with ether; thus, the alcohol fs replaced by ether, 


The hydroxamic acids can easily be distilled under vacuum; when heated with my ss ee lose 
two <r of hydrogen chloride and form cyclic compounds 
N—O 
CF,CF ee ++ SOCI, -» CF;CF ad FP + 2H. 
OH - =0 . 
, Under the influence of a base, these cyclic compounds lose sulfur dioxide and yield a salt of the hydroxamie 
aci ° 


j-? NOH. 
CF,CFHC | + NaOH crcrnd + 50» 

=O ry ae. 

BXPERIMENTAL PART "= 


1) The interaction of hydroxylamine with perfluoropropylene. a) Into a 4-necked flask, fitted with a 
stirrer, a thermometer, a gas supply tube, and a gas effluent tube, was placed 33 g (1 mole) of a freshly prepared 
solution of hydroxylamine in 250 ml of methanol, and perfluoropropylene was passed into the stirred, ice-cooled 
mixture, The precipitated hydroxylamine hydrofluoride was filtered, and the filtrate was distilled under reduced 
pressure, The alcohol complex of a-monohydroperfMuoroproplonohydroxamoy! fluoride (I) was a colorless liquid 
with a sharp, disagreeable ¢ odor, Its bp. was 37,5-38,5° per 50 mm, The yield was 48 * (dased on the perfluoroe 
propylene); dj 1.3820; nb! 1.3294; MRp found 28.70) MRD cale, 23-78. ae 














Found “er Cc 23, 97; N 7,145 F 48,01 CFCFHCE = NOH * — Calculated %3 C 24.633 N 7. 19 : 
F 48,70 7 ; 


2 labile hydrogen atoms were found Ia the compound, 


-b) Perfluoropropylene was bubbled into a suspension of 14g of free hydroxylamine in 100 ml of dry ether 
whille the suspension was stirred and cooled withice, The precipitated hydroxylamine hydrofluoride was filtered, 
znd the filtrate was distilled under reduced pressure, The resulting a-monohydroperfluoropropionohydroxamoyl «* 
Nuoride complex with ether was a sharply recking, colorless liquid. The b.p. was 34-35° pes 50 mm, The yield 
was 67%, dy 1.3415; np 1.3335; MRp found 30.64; MRp caic, 31.566 ; 


Found %¢ C 29.90, N 7.25; F 46 asta NOH}; (CzH,),0 Calculated Je C 30,00; N 1.04; F 47,50 
One labile hydrogen atom was found in the compound, © 


2)S g of acid fluoride (11) and 30 ml of water were heated, with otirsing , on a boiling water bath. Evapoe 
ration of the reaction mixture under vacuum gave white, lammelar crystals, M.p. 98-99% (from chloroform), 
The crystals were readily soluble in water and alcohol and sparingly soluble in ether and chloroform, With ferric 
chloride , an aqueous soluuon of the crystals gave the red color characteristic of hydroxamic acids, 

Sar. OH : 
1. 


Found $e: N 8.69; F 46.72. CF,;CFHC = NOH, Calculated %: N 8,63 ; F 47,20 


38 g of acid flucride (1) was heated for a period of two hours at 100° with 15 ml of concentrated HCl, The 
resulting solution was extracted with ether, and the etherextract was washed with sodium bicarbonate solutios 
and with water and dried with calcium chloride. After distillation of the ether, the residue clstilled at 135-137" 
dz? 1.4590 ; n§ 1.3275. The molecular weight was determined by Utration with a base; found 163, 5. calculated 
164, ; ‘ 


Found %: F 46,50. CF,;CFHCOOH « H,O. Calculated 3 F 46,36 





A mixture of the amide prepared from this acid with a-monohyéroperfluoioprepfonamide prepared by another route 
showed no depression of the melting point, . ° 


4)28 g of concentrated H,SO, ard 1 g of ground glass were placed {n a round-bottom flask fitted with a reflux 

condenser and a dropping funnel, and 21 g of acid flcoride (I) was carefully added from the dropping funnel, 
The mixture was heated for 20 minutes on a boiling water bath, The mixture was distilled, and a fraction boiling 
at 105-120 per 745 mm was collected, This fraction was washed with water, and a second ones gave 12g 
of a colorless, transparent Mquid with a pleasant‘odor,; it did not contain nitrogen, Bp, 106-107°, a? 1,2850 3 

np 1.3268, The constants of this compound were in good agreement with the Iterature values for the ethyl ester 
of a-monohydroperfuoropropionic acid; the action of ammonia gave the amide with an m.p, of 57-58° , anda 
mixture of the amide with a specially prepared sample showed no depression of the melting point, 


5) 14.5 g of acid fluoride (1) and 20 g of concentrated H,SO, were placed in around-bottom flask fitted 
with a reflux condenser, The miature was heated on a boiling water bath for 20 minutes, The reaction mixture 
was then distilled, and 10,5 g of a colorless liquid boiling at poe was collected, The liquid was washed with 
water, and a second distillation gave a fraction boiling at 93-95°, ay 1.3950; np 1.3212, The constants of this 
substance were close to those of the methyl ester of a-monohydroperfluoroproptonic acid. Reaction with ammonia 


gave the amide, and a mixture of this amide with a specially prepared sample of a -monohydroperfluoropropionamiée 
showed no depression of the melting point, j 


€) The {interaction of hydroxylamine and perNMvorolsobutylene, a) The alcohol complex of a-monohydro= 
perflvorolsobutyrohydroxamoyl fluoride (1) was prepared in a manner analogous to the prepasation of (I), Acid 
fluoride (II) wa a colorless, transparent liquid with a disagreeable odor, Bp. 44-44.5° per 80 mm, 105,5-108,8 
per 750mm, 4 1.5560; np 13190; MR found 29.10, MReate, 30,09. 





. 


Found %3 C 22,88; H 1,26; N 6.42; F 58.50 — = NOH},°CH,OH, Calculated % C 23,55; H 114 
N 6,11; F 58,10, 


* As in the orlginal Russian, 
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b) The ether complex of a=monohydroperfuorolsobutyrohydroxamoyl NMuoslde (IV) was prepared In a manner 


analogous to that used In the preparation of acid Muoride (11), Acid fluoride (IV) was a colorless, sharply reeking 
quid, ~~ 113-114° per 745 mm, The yield was 58%. dy? 1.4170, np 1,3261 3 MRfoung 35.60; Mode. 36,1 
. if 


Found %et F $2.35, [(CF, CHG = NOH}, * (C)Hy),0. Calculated %or 52,20, 


1) Heating acid fluoride (11) with concentrated HCl (the experlment was carried out similarly to Experiment 
No. 3) gave a-monohydroperMuorolsobutyrohydroxamle acid, The colorless crystals, which were readily soluble 
in water, gave a positive reaction with ferric chloride for hydroxamlc acid, After vacuum distillation, the sub@ 
stance melted at 119,5-120, 

; On 

: . . 

Found %: N 6.83 ; F 53,31 (CF,;),CHC = NOH, Calculated %s N 6,633 F 54,01 

& 20 ml of dry ether, 10 g of acid Muoride (11), and several drops of phenolphthalein were placed fa 8 
flask fitced with a reflux condenser and a dropping funnel, A solution of sodium methylate in methanol was added 
from the dropping funnel until a rose color appeared, The reaction mixture was distilled undes vacuum, After 
distillation of the ether and alcohol, a substance distilled which, according to its constants, was the methyl estez 
of a-monohydroperfluoropropionic acid, Bp. 94-95° per 740 mm 3 dq° 1.33405 oD 1.3207, 


This ester was converted to the amide, and a mixture of this amide with a specially prepared sample of ae 
monohydroperfluoroproplonamide showed no depression of the melting polat, 








9 4 of a-monohydroperMuoroproplonohydroxamie acid and 12 ml of dry benzene were placed In a Mask 
fitted with a reflux condenser, The mixture was heated on a bolling water bath, and 3,2 g of thionyl chloride 
was added dropwise, Hydrogen chloride was evolved. After distillation of the benzene, a colorless, sharply reeking 
Uquid distilled; bp. 56-56,5° per 57 mm, df 1.6656 3 nf} 1.3737. 


Found %3: C 17,12; H 0.30 3 N 6,68; F 37.14; $ 15.51 C,HF,O;NS. Calculated %3 C 17.36; H 9.483 
N 6.76; F 36,753 $ 15.45. 


10) The reaction was carried out as fn the preceding engastinsti From 4 g of Pee x perfluoroe 
lsobutyrohydroxamlc acid was obtained 2,3 g of a colorless liquid with a b.p. of 55° per 40 mm, dy’ 1.67103 nh 
1.3580, 

Found %3 C 44.45; N 6,02; $ 12.40 C,HF,O,NS, Calculated %3 C 44 1303 N 5,45; § 12.45, 
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CATALYTIC TRANSFORMATIONS OF ALKYLCYCLOPROPANES . 
IN THE PRESENCE OF PLATINUM AND PALLADIUN 
SUPPORTED ON ASHLESS ACt ayer CARBON 


M. Yu, Lukina, S. V. Zotova,and Academtetan 
B. A. Kazanskif 


N, D, Zelinskil Institute of Organic ee Academy of Sciences USSR 


We recently showed that the hydrogenation of alkylcyclopropanes {n the presence of patateed carbou 
proceeds differently than In the presence of palladinized carbon(1J st - 


ci, : 
a {| cu.—cn _ 400% 


at See 
on, —¢—cn,—cHy 80% 


CH, ~—CH—CH —CHs 


a CH 
” 2%. . 
CH, — CH — CH, —CH, — CH; 


In the presence of the first catalyst and at temperatures of 120 and 220, only hydrogenolysis of the enca-nesieiil 
ring occurs, while {n the presence of the palladium catalyst, fsomerization of the alkylcyclopropane to an olefia 
with subsequent additfon of hydrogen takes place in addition to the hydrogenolysts reaction, With an increase fa 

the temperature to 220 the amount of by-products in the catalyzate Increases to 40% 


It is possible that this side reaction fs due to the palladium, provided that, in contradistinctfon to platinum, 
it is capable of causing {somerization of the threeemembered ring, or it may be due to the carrler ( carbon) which 
as we have shown [2], {s not inert in this reaction, If the latter possibility 1s correct, It fs not clear why this prope 
erty of carbon appears in the case of the palladium catalyst and docs not appears in the case of the platinum catse 
lyst , nor {s {t clear whether this fs a consequence of the lower activity of the palladium catalyst in the hydroe 
genolysis reaction, as we previously proposed {1}, 


Thus, the problem comes down to one of Investigating and comparing the properties of the metals themselves, 
platinum and palladium, under alkylcyclopropane fsomerization and hydrogenolysls conditions while excluding 
the effect of the support, For this purpose, {t would have been simplest to use the metals in the form of blacks 
it developed, however, that the surface of these blacks was so small that elther a very large amount of the metal 
or considerably more vigorous reaction conditions were required, 


Thus, neither platinum nor palladium black causes any hydrogenolysis of alkycyclopropanes at 120, Hence, 
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TABLB 1 . tt was Necessary to select a support with sufficlent 
surface but Inert with respect to lsomerization “ 
Aniline the three-membered rings, 





n 
J 
Hydrocarbon . Silica gel, aluminos!llcate, kieselguhre, and 


pumice are unsultable for this purpose, since all 
of these substances, like activated carbon, are 





Ethyleyclopropane 1,3786 /0,6841 


1,1,2«Trimethyleiclos : , _ €apable of lsomerizing the three-membered ring 
rimethylelclor } 6 {1.3862 |0,00%8 re. Rees Se eae 
2.fropate ylpentane (5) 27 {1/3714 |0,65315 


2, 2-Dirneth Ibutane[5} 1,3687 10,6491 tivated ashless carbon, which 
2,3-Dimethylbutane{s 57,9 |1'37495]0,66164 ee ee ee 











by carbonizing sugar, proved to be inert In the 
temperature range of up to 220°, Its surface (240 . 
sq m/g) was less than the surface of the activated 
carbon which we had used in all of our preceding 
work (430-540 sq _m /g), but, as the experiments 
showed, ft was sufficient for a comparison of the 
properties of the metals deposited o2 ft, Whea 
alkylcyclopropanes were passed through this 


a carbon at 220°, they underwent no change, 
ee . : < ° . 
0 2 rT Using this carbon as a base, platinum and 


palladium catalysts containing 20% metal were 
" Flg, 1, a) Catalyzate from 1, 1, 2-trimethylcycloe prepared, The experiments in the absence of 
propane over platinized carbon; b) catalyzate from 1, 1, hydrogen (Isomerization) were carried out at 8 
2-trimethylcyclopropane over palladinized casbon. temperature of 220°, which appeared to be optie 
mum from our preylous work (1,2,3], It was found 
“that the properties of the alkylcyclopropanes had 
not changed after contact with elther catalyst and that the catalyzate contained no unsaturates, It thus appeared 
that neither platinum nor palladium causes fsomerization of the three-membered ring under these conditions, 





























The experiments in the presence of hydrogen were carried out with 1,1,2=trimethylcyclopropane at a teme 
perature of 120°, at which temperature hydrogenation over these catalysts was Incomplete, so that a comparisoa 
of thelr activities was possible, It was found that fsomerization did not occur; hydrogenolysis proceeded to the 
extent of 65% in the case of the platinum catalyst and 50% In the case of the palladium catalyst; this andicates 
that the palladium catalyst has lower activity with respect to hydrogenolysis of the three-membered ring, 


Tuming now to the catalysts mentioned at the beginning of the article, we may consider It proved that the . - 
Asomerization which takes place over the palladinized carbon {s caused not by the metal but by the support; the 
difference in the action of the two catalysts under hydrogenation conditions depends on the relative activities of 
platinum and palladium as hydrogenolysis catalysts, In the case of the more active metal, the rate of the hydroe 
genolysis reaction so far exceeds the rate of lsomerization, which ts caused by the support, that the effect of the 
support Is not apparent at all, In the case of the less-active metal, the rates of the two reactions are competitive, | 
and the side reaction caused by the support proceeds along with hydrogenolysis, 


EXPERIMENT AL PART 


talysta, The platinum and palladium blacks were prepared by the method of Zelinskil ome 


Ashless carbon, The sugar was recrystallized three times from alcohol, dried, and carbonized in small 
portion in a porcelain crucible in a muffle furnace at 800-900, Activation of the carbon was carried out ins 
stream of carbon dioxide at 600° In a rotating quartz tube heated by a circular muffle fumace, The ash was 0,05%, 
and the surface (determined lodometrically) was 40sq m/g, ve ee 


Platinized and palladinized carbon (20%) were prepared by deposition of the metals on the ashless carboa 
using the method of Zelinskil (4); 10 mi of catalyst contained about 0.6: of Pt of Pd, 


The experiments were carried out under the conditions described previously (1,2,3}, The hydrocarbon space 
tate was 0,2 hours in all cases, The properties of the Sens used fn the present work and also the 











TABLE 2 ie 





Properties of catalyzate, 


: ne 
Hydrocarbon . Catalyst Unsate 29 
‘i content 








1,1,2-Trimethylcycloe 

Pt-black® None 41,3862 

Pd=black None 41,3862 

Ethyleyelopropane 4 Ashless carbon Traces | 1,3789 

1,1 o2eTrimeth le - : ° 
propan y y - _ None 1,3864 

Same Pt/ ashless carbon | None | 41,3864 


2» : Pd/ ashless carbon| Traces | 41,3862 














* The blacks, in an amount of 2,7 g, were deposited on glass wool, which 
was used in an amount such that the catalyst occupied a volume of approxle 
mately 10 ml, The remainder of the catalysts were used fa 10 mi —— 
(about 3g) 


TABLE 3 





gs gg MOUNL B.pee "C 
(170 mm) 











latinized carboa 


49,4—49,7 | 1,3692 
49,7—S1,2 | 1,3722 
51,2—-52,5 | 1,3819 
52,5—56,3 | 1,3830 


48,5—49,4 | 1,3700 
49,4—50,4 | 1,3740 
50,4—51,6 | 1,382! 
Si »6—55,4 i seed 














properties of the parafflns which could be formed during hydrogenation of 1,1,2-trimethylcyclopropane are pree 
sented in Table 1, Data from the experiments studying the behavior of alkylcyclopropanes over the different 
Catalysts in the absence of hydrogen (in a stream of nitrogen) at a temperature of 220 are presented fa Table 2% 


The data presented in Table 2 show that none of the catalysts Investigated cause any apprecfable amount 
of fsomerization of alkylcyclopropanes,The catalyzates obtained with platinized and palladinized ashless blacks 
were distilled in a column having an efficlency of 40 theoretical plates; 10 ml of n-heptane (njy 1.38763 dj? 
0.6835) was used as a chaser, Distillation data are presented in Table 3 forthe catalyzate from the experiment 
in which 1,1 a -edenetyagmageyons was passed over platinized carbon, and similar data are presented an pha 
3 and in Figure 1 for the catalyzate from the experiment using palladinized carbon, 


A comparison of the data presented in Table 3 with the hydrocarbon properties presented In Table 1 shows 
that in both cases the catalyzate was a mixture of unreacted 1,1,2-trimethylcyclopropane and 2,2-dimethylbutana, 
The increase in aniline point with an increase in the boiling range of the fractions indicates that neither 2,3 
dimethylbutane nor 2-methylpentane was present in the catalyzate. Calculation of the compositions of the binasy 
mixtures on the basis of additivity of refractive index, specific volume, and aniline point shows that there was 
65% hydrogenolysis in the case of platinized carbon and 50% in the case of palladinized carbon, 
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SEPARATION AND PROPERTIES OF HIGHER a,a,a,we 
TETRACHLOROALKANES : 


a 
is - 


Academician A. N. Nesmeyanov, Sh. A. Karapetyan, 
E. 1. Vasil*eva,and Corresponding Member AN SS&R 
R. Kh. Freidiina \ 


Lastitute of Heteroorganie Compounds Academy of Sciences USSR 


- 
. 


Telomerization of ethylene with carbon tetrachloride forms a mixture of telomers, of which the a awe 
tetrachlioroalkanes contalning up to 15 carbon atoms have been separated and described (1,2,3}, 


We have studfed conditions for vacuum fractionation of higher tetrachloroalkanes ia 8 Vigreux column af 
pressures of 0,2+0,5 mm, and we have been able to — in the pure state telomers containing up to 23 carbos 
atoms in the molecule, 


A column with *star"type indentations [4] but of somewhat modified construction was used for the fractione 
atfons, The column, which had ahefght of 30 cm and an Interval diameter of 14-16 mm, had a total throughe 
put below the flood point (at total reflux ) of 100-200 mY hour or 60-100 drops/ minute, The fractionating efe 
ficiency of the column, which was determined with a toluenc-heptane mixture, was 4°5 theoretical plates, The 
fractionation was carried out with continuous takeoff at reflux ratios of 6-8 for tetrachlorouridecane and higher 
telomert, 


The column resfstance was negligible, which sail us to carry out the distillation with the temperature 
of the Liquid in flask 25=35° higher than the vapor tempesature during fractionation of multicomponent mixtures 


TABLE 2 : 
Constants of Higher Tetrachloroalkanes, Cl (CH;), CCl, 





Vat] [wa | Found, % | Catcutated,% 
° a 
§ | stok of found kale, | © | H | a Cc 4 a 








{,4166] 14,61 11,4808] 81,94] 8t,6¢ 
1'0935] 19,65 |1.4795) 90°94] 90, 


{ 0773) 24,89 }1,4795) 99,63)/100, 17 


53,98] 8,53 


56,14] 8,93 | 34,90 


ss £5 


§ ,0546] 29,30 }1,,4795/109, 31109, 41 


1,0364] 35,54 [1, 47901198, 891118,65 58,06] 9,28 | 32,68 


wo 
= Se 


8 
S2 82 22 Se 


{ 0192] 42,10 [1 ,4784/128, 44/127, 88 


| 


* "Average boiling point at a pressure of 0,25-0,35 mm Hg with variations of & 2=¢° 
in different expe:imenta, 


59,74] 9,59 | 30,67 
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sj $ oP ] aa 
Number ofC atom>——-» Number of atoms-.—e» 
| Fig, 1. Relationship between boiling Fig, 2, Density (1) ani molar volume 
polnts of the tetrachloroalkanes at 0,25¢ (2) of tetrachloroalkanes 23 functions of 
0.35 mm and molecular welght, molecular welght . 
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ou; : and 10-15° higher during redistillation of narrow fractions, 
@ 


_ The tetrachloroalkanes were separated from a mixture 
of telomers produced in equipment of the Kaluzhkil Combine 
of Synthetic and Natural Perfumes (5) at a pressure of 150 
atm and a mole ratlo of ethylene to carbon tetrachloride of 
about 20:1, The mixture contained about 


B0fe Cy + Cz, 30 Cy + Cyz, 12f Cry + Cyg and 28%C°, 38 © 


A technical mixture of telomers prepared {a steel reactors 
always contains traces of metal chlorides which acceterate 
dehydrochlorination of the tetrachloroalkanes (6), especially 
5 ? 2 at temperatures above 160°, We found that the addition of up 

Number of C stoms———e» to 5 % soda ash during the distillation converts the metal 
mS. chlorides to less-active basle salts, thereby very sharply dg 
Fig, 3. Viscosity of tetrachloroalkanes . creasing the rate of catalytic decomposition of the tetrachlorce 
alkanes, However, the separation of telomers above Cys by 
TABLE 2 rectification of the technical mixture was difficult even with 


Higher w-Chlorocarboxyllc Acids va the addition of soda, 


Therefore, making use of the different solubilities of 
tetrachloroalkanes in organic solvents [2], we extracted 
(after distillation of the Cs-C, fraction) bread fractlons cone 
taining telomers up to Cyy and Cys, respectively, using ethyl 
7 \33 * alcohol and acetone as the solvents, These fractions, which 
42. 49—53 were free from Insoluble waxy telomers and impurities , dise 
63 | 54—S6 tilled with less decomposition, These broad fractions were 
4 = sapidly distilled from a flask at a pressure of 0,1-0,3 mm Hg, 
narrower fractions containing 3-4 components were collected, 
and these were fractionated, 


In ozder to obtain the individual telomers described in Table 1 the substances separated during the first 
fractionation were distilled a second time In the same column, 


The regular change in bolling point for the entire serles of tetrachloroalkanes from Cg to a is shown is 


& 


& 


& 


Viegitycpan = 








Hydrol.w, H,SO,|Hydrol.w, HNO, 
4 ‘yield, Sim.p., yield. % Im.pee 
s of theor,| *q Jof theor.| °C 

















* Thea A,w-tetrachloroalkanes here and in the remainder of the article arc indicated ed the sunber of carbon. 
atoms in the molecule, ¢.g, » Cgy Cy, et, 


” $4 








Figure 1, The point for Cy was obtalned by extrapolation of the 


é 
linear graph of 1g P -i() » plotted using points for P = 2-100 
mm (T 1s absolute bolling point), : 


Figure 2 shows graphically the variation in density and in 
molar volume with the molecular weight of the tetrachloroalkane, | 


The molar volumes of mixtures of tetrachloroalkanes are 
additive, as we showed unequivocally, using synthetic mixtures 
and mixtures of tetrachloroalkanes obtained by telomerization 
reactions, 


Viscosities of tetrachloroalkanes have previously been detere 
mined only for the lower telomers (7), We dotermined the viscosle 
thes at 20° of the encire serles of tetrachloroalkanes using an Ostwald 
Pinkevich viscosimeter for this purpose, The sesults are presented 

toa =< ia Table 1 and Figure 3°. | 
Fig. 4. Distillation curves for mixtures The tetrachloroalkanes used for the determinations of physie 
of tetrachloroalkanes; 0,2-0,5 mm prese cal constants were narrow fractions collected within a range of le? 
sures 1 and 2) orlginal mixtures obtained during distillation of the mixtures and broad fractions (see Figure 
by telomerization reaction at 150 atm , 4 for distillation curves) and redistilled In the same column®®, 
1) 4 moles ethylene per mole CCl 2) Proof of the purity of the substances Investigated Ss that during 
10 moles ethylene per mole CCk 3) a check distillation, they completely distilled within 1° and thelg 
broad fraction of higher telomers sepae constants were not changed, 
sated with acctone from the reaction 
mixture (150 atm , 20 moles ethylene 


< 
The corresponding w=chlorocasboxylic acids, with the propere 
ties shown in Table 2, were prepared from the Cyg to Cy tetrae 
pehanitbaties chloroalkanes by hydrolysis with sulfurfe or altrle acid undes 
conditions previously described in references [3] and (8}, 
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* The determinations were made by L, M, Shulove 

** The distillations were carried out by Yu, P, Chizhov, 
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CONTRIBUTION TO THE PROBLEM OF THE INTERACTION 
OF PHENYL RADICALS WITH BENZENS 


Corresponding Member AN SSSR G. A. Razuvaev, 
G. G. Petukhov,and B. G. Zateev 


Scientific Research Institute of Chemistry at Gorkd State University 


In frec-radical reactions in the liquid phase, the interaction of the radicals formed by dissociation (by 
temperature, Ight, ete.) of the initial compound (R:R) with the solvent medium (X ¢S) Is of very great significance. 
In spite of its importance, studies of this problem have only very recently been {nithated, 


In the first place, the initial material can form with the solvent an intermediate complex (R: RX 3 S], which 
then homolytically decomposes to RX end RS without the formation of radicals in the free state, In the second 
place, the substance can become solvated, and, during Its decomposition Into radicals, the latter can react with 
each other in a “cage® without escaping into the volume of the solvent, Finally, the rad{icals can be forced out 
of the “cage” into the volume of the solvent, forming with the solvent the intermediate complex (R°X ¢ 5}. In this 
case, the radicals can bring about chain processes, Radical transfer can occur through an exchange of a radical 
R, for a peripheral atom, X, of the sclventg 


Re +X:S-RiX+S. 


The system in which R= S fs a special case, In this case, the radical fs suigeciendil, and its kinetle Iferime 
{s lengthened, 


In the present work, we {investigated the Interaction of phenyl radicals with benzene, using a number of 
compounds which decompose homopolarly with the formation of a phenyl radical, In order to be able to detect 
radicalransfer reactions, it was necessary to use compourds labeled with tagged atoms, We used for this purpose 
radiocarbon C'*, which was {introduced both into the !nftial compound and Into the benzene; f.e,, two systems 
were studicds labeled dissociating compound ¢ Inactive benzene and unlabeled compound active benzene, 
The following three routes for the interaction of a phenyl radical with benzene (E) may be assumeds 


Coys 4- CcHy-+ Cal, — CoH, + He 
Coys -+ CoHe 2 Coe + Coles aa (m) 


CaHy> + CyHy-2 C,H —— 
ian  ° 


Reaction (1) is improbable from thermodynamle considerations; (I1) {s probable, but has not been experimentally 
confirmed; (II) has been assumed by many authors (2) , and has recently received experimental confirmation 

(3}. However, the occurrence of process (I) does not exclude reaction (11), It fs quite probable that the first act 

of the interaction {s the formation of the * -complex (IV), which can undergo transition to a=complex (Il) or which 


can undergo an internal radical transfers 
~§- Qn 
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We were able to show the occurence of process (11) in two cases. This was first shown for the case of the 
decomposition of diphenylmercusy (DPM) in deuterated benzene (4J, and was later confirmedinG’*-labeled benzene 
(5). We have once more confirmed this reaction by experiments in which the components were heated or the 
reaction mixture Lrradiated, From the results obtained both with labeled DPM and with labeled solvent™ benzene, 
it is clearly evident that in the photoreaction (Table 1, Expériments 1 and 2), the biphenyl was formed mainly 
from phenyl groups from the DPM, but it was also partly formed from phenyl! groups from the benzene, In tum, 
part of the phenyl! groups from the DPM were converted to benzene, These conversions are most simply explained 
by the occurrence of process (II). Very weighty evidence of this assumption is the formation of active DPM 
through the interaction of * complex (IV) with metallic mercury io expersments in which DPM was decomposed 
in active benzene, It is well known that the thermal decomposition of DPM, like that of others organometal- . 
compounds, {s strongly catalyzed by finely divided metals [6}. It: may be assumed that such decomposition 
proceeds on the surface of the metal, We carried out experiments on the decomposition of DPM fn benzene with 
the addition of Pt (Experiment 3) and Cu (Experiment 4), In this case, biphenyl was formed only at the expense 
of the DPM, Labeled pheny) radicals dimerized on the surface of the metal, and did not transfers into the volume 
of the solution, 


Benzoyl peroxide (BP) was used as another source of phenyl radicals, The reaction of BP with benzene fs, 
as Js well known, a more complex reaction which results in the formation of a mixture of many products, The 
major product of the reaction, biphenyl, {s formed from phenyl radicals from the benzoyl peroxide, It fs evident 
from the experimental data (Experiment 5) that radicals from BP predominate In the biphenyL This was also noted 
earlier with deuterated compounds [2]. However, here too it was completely evident from experiments with C4 
in the nucleus of the BP that past of the phenyl radicals transfer into the volume of the solution in the form of 
benzoyl radicals (Experiment 6) through reaction (II), For more conclusive proof of this process, we used the laite 
fated decomposition of mercurie acetate [7}, This reaction was initlated by BP in a medium of labeled benzene = * 
(Experiments 7 and 8), Phenylmercury chloride, which was separated from the products of the reaction by treatment 
of the phenylmescury acetate formed in tue reaction, contained a very significant amount of phenyl radicals from 
the benzene, Moreover, the following circunstancewasnotedin the reaction of BP with benzene, It is knows 
from the work of Gellssen and Hermans [8] that besides biphenyl, small amounts of other, more phenylated come 
pounds of benzene, terphenyl,and quaterphenyl, are also obtained in this reaction, It has beea proposed that they 
are products of the successive phenylation of biphenyl, However, there fs a certain conspicuous nonconformity is 
the {sotope coinpesition of the biphenyl and quaterphcnyl, The isotope composition of the latter compound 
corresponded to two benzene nuclei from E? and two from benzene, while phenyl radical somewhat predominated 
in the biphenyL Therefore, it could be assumed that the quaterphenyl was obtained from biphenyl by subsequent 
phenylation, It was possible to verlfy this experimentally, Labcled biphenyl was Introduced into the reaction 
mixture, The quaterphenyl obtained as a result of this reaction was completely inactive, The mechanism of the 
formation of quaterpheny! requires further investigation, 


Finally, it {s well known that the decomposition of B? can also be brought about by the action of n, v. light. 
Experiments carried out with labeled compounds showed that during photolysis of EP In benzene solucion, biphenyl 
is obtained at the expense of phenyl radicals from the peroxide (Experiments 9 and 10). The presence of a small 
amount of phenyl groups from benzene can probably be explained by the concurrent occurrence of the sloweg 
thesmal reaction, Thus, the following reaction takes place under the influence of lights 


BP “3 BP? + CyHy—CyHp 4200p, 


We also used a similar method to Jnvestigate the reaction of lead tetrabenzoate (LTB) with benzene, As Ss 
well known, tetravalent lead derlvatives readily decompose and are converted into derivatives of divalent lead, 
During such a decomposition of LTB, two benzoate radicals must be liberated; these are the same radicals as are 
formed during the decomposition cf BP, When LTB is heated in benzene, lead dibenzoate and CO; separate, and 
bipheny!} and benzolc acid are formed Using labeled compounds (Experimeas 11), it was possible to establish 
that, within the limits of experimental enor, the biphenyl was obtained from LTB and benzene sccording to the 
over= all equation g 


Pb(OCOCsHs), + CoHe-» Pb(OCOCgHy)s -+ C5Hy — CyHy + CHyCOOH ++ O0y 
When labeled LTB was used (Experiment 12), the transition of phenyl radicals to benzene was not noted 
The final subject of investigation in the present work was nitrosoacetanilide (NAA), It {s well known that & 
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readily lsomerizes Into the dlazoacetate, and the latter decomposes with the Mberation of nitiogen and the formas 
uon of a phenyl radical, The reaction of NAA with benzene proceeds according to the equations 


CaH,N(NO)COCH s- C,H,N =<: NOCOCHI, _ CoH, — CoH -+ Ng -+ CH,COOH, 


By using labeled NAA In ordinary benzene (Experiment 14) and In labeled benzene {Experiment 13) It was 
possible to show that in this case biphenyl 4s obtained from phenyl radicals from NAA and benzene, The conversion 
of phenyl radical to benzene was not detected, There nocausetodoubt that the latter reaction proceeds homee 
lytically, but it has a closed radical mechanism, It seems to us that methods ln which radicals are transferred 
from the reaction cage into the solution can be widely used In favestigations of the mechanism of free radical 


reactions in the Iquid phase, 
' 
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THE ADDITION OF SILANES TO UNSATURATED COMPOUNDS 
IN THE PRESENCE OF IRON PENTACARBONYL : 
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As has previously been reported by us wie with A. N. Nesmeyanov, oleflas —— thermal telomerization — 
reactions with various silanes according to the scheme wee 


H SIXg + aCHs = CHR —. 2 SIXs(CHgCHR) He 


The use of this reaction fs limited owing to decomposition of olefins containing functional substituents and 
polymerization of a-olefins under the vigorous telomerization conditions; therefore, It was necessary to find oJ 
catalyst which would permit the use of a lower reaction temperature, 


When the process {Is carried out in steel autoclaves, peroxides and azo compounds do not Inftfate telomerizge 
tion of olefins with silicon compounds ——- an Si-H bond [2]; this fs evidently due to an inhibiting effect 
of the autoclave walls {3}, 


We Investigated the compounds shown in Table 1 as possible initiators (catalysts), - 


Of the compounds enumerated, only H,PtCig* 6H,O and 4C,Hg* NiCl, have been Investigated as catalysts 
for the addition of silanes to olefins [3,4}, 


As may be scen from Table 1, a wide range of compounds catalyze the reactions between olefins and sflanes, 
However, only in the presence of TiCl, and H,SnClge GH,O docs the reaction lezd to the formation of a mixture 
of homologous telomers; {n the remaining cases, only the adcltion of the silanes to the olefins occured (see Table 


2) 


Iron pentacarbonyl was the most interesting of the catalysts found in this work, It catalyzed the reaction 
between olefins and silanes at 100-140, Silicon tetrachloride and methoxytrichiorosilane did not add to ethylene 
{n the presence of Fe(CO}y, 


We studied the reaction of ethylene with methyldichlozosflane, trfethoxysflane, and triethylsilane of propylene 
with methyldichlorosilane, and of vinyl ethyl ether with trlethylstlane in the — of Fe(CO), These reactions 
gave ylelds of 60-85 % of theroretical, 


As is well known, the reaction of triethyl and triethoxysilanes with ethylene does not go elther in the presence 
of radical iritiators or on heating to 250-300, or else the reaction gives only a small yleld of the addition product 
( | 


The reaction between triethylsilane and vinyl ethyl ether in the presence of Fe(CO), was very inning: 
In this case, the major product was apparently B ~ethoxyvinyltriethylsilane, the structure of which was verified 
by investigation of theinfrared spectrum, Acid hydrolysis of this compound, which was carried out ae rele. 
atively vigorous conditions, led to the formation of hexaethyldisfloxane, 


Kharasch and co-workers observed the similar formation of an unsaturated product having the ot 
GH,CH = CHSO,Na , in the case of the homolytic addition of NaHSO, to styrene (6}, 
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TABLB 1 


Group of 
perlodie 
system 





Compounds 





HCl. KAI, BFC, TO, erCh. LyrtrCh, 

wv (Cyy0Ae. 20; (CrettgO,),2°01" Crt), Lind), 
LHCITI, Sally. SHCTH. t,SaCl,> 640 

Vout, 


NLOCI,; Bh. 


C1, CHCOg, CrCIy, MetCO),, MoCly, WIC), WOH 


FACOH, CabtOpzPeCT, COC» Mynornice; 
NCI, 4C,HN, H,P1Cy> 64,0 














t The compounds which are struck out were Inactive. 

8 These compounds were tested In the reaction of methyl 

dichlorosilane with I-hexene, and they gave positive results, 
TABLE 32 


CH,SICI,H # nRCH = CH, -» CH,SIC1,(RCHCH,),# 





of ss 
catalyst |v 


Amount | 
Gv 


Change 


pressure, ceg C 


atm, 


Tempe 


time,hrs 





G3 
Experiments with ethylene 
w= 
w—k$ 
= 
170-120 
2:0~129 
30-20 





vee - 
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Experiments with propylene 


HPI A140 S ) 10-8 n~9 
25nC ache 1% | sm—i0 | 2iv—zp 
Fe Coy 126 


$25—138 | 71 

240120 « 165—170 | 167 
& The reaction was carried out with excess olefin, 
& The reaction products were distilled in a columa of 15 theoretical plates. The cone 
stants of the compounds obtained were in agreement with the constants of the thecmal 
telomerization products previously described by us(1}. In the Table, n = 1 Indicates 
that higher telomers were not formed, 
8 A solution of 0,00825 g of H,?tClge 611,0 fn 0,1 mi of fsopropyl alcohol, 
€ These values are coiversions of the original methyldichlorosilane, 

















In our case, there Is apparently an analogous reaction, and the formation of B -ethoxyvinyltelethylsflane 
is associated with the ease of dchydrogenation of the intermediate radical (C;Hs),SICH,* CHOC;Hs. 


That the reaction taking place in the presence of fron pentacarbony! fs a radical reaction fs indicated by the 
formation of symmetrical hexaethyldisilylethane and hexaethoxydisilylethane as gs aaers in the a of 
ethylene with trlethylsilane and triethoxysilane, 


The formation {n these reactlonsof symmetrical hexaalkyldtsllylethanes is difficult to understand — 
as the products of the homolytic secombination of GSICH CH und Six, sadicals, 


$52 








Another possibility for the fozmatjon of symmetrical hexacthyldtstlyle thane Is the reactlon of ethylene with - 
hexacthyldisilane {7, 8) (which could be formed YY the recombination of two St(C;Hs), radicals) according to 
one of the following schemes . 

{) Si (Cotta + Sl (CiHs)s* 52 Si (CoHs)y -= Si cathy; “8 
2Si (CaHs)a° + Clig == CHg — (CaHs)SiCH4;CH3Si (CaHs)s 


2) Sis (Cattade rearrangement (8) (Calls) SICSH,SKC HSH So" 


' mo (CoHs',SICH2CH,SI(C2Ha)y 
However, we are able to show that under the reaction conditions described, hexaethyldisilane does not react 
with ethylene, and, consequently, the reaction does not proceed by either one of the two schemes presented above, - 


It should be noted that Harmon (9) observed the formation of a symmetrical product during the homolytle 
telomerization of ethylene with hydrogen sulfide; among other substances, a compound having the structure 
C3HsSCH,CH,SC3H, was {solated, ‘ ao 


EXPERIMENT AL PART 


The experiments were carried out io 0.5eLiter steel autoclaves, A “blank” experiment was canted out each 
time a change to a new catalyst was made, It should be pointed out that {n all cases except {ron pentacarbonyl, 
which apparently decomposed completely during the course of a single experiment, it was necessary to tum down 
the walls of the autoclave with a lathe , since the autoclave walis setained catalytic activity without the addition | 
of new portions of catalyst. 


Reaction of triethysilane and triethoxysflane with ethylene in the presence of Fe(CO)s,. The reaction was 
carried out in a halfiiter autoclave, 34,4 g of (C,H;),SiH and 1 ml of Fe{CO); were charged to the autoclave, che 
autoclave was purged with nitrogen, and ethylene was then introduced to a pressure of 45 atm, The reaction mixture 
was heated to 100°, The reaction was carried out at this temperature for two hours, 


39.5 g of reaction products was obtained, Distillation gave 34.5 g (81% of theoretical) of (C,H5),St, bp 
151°, dj’ 0.7635 , nj, 1.4250 MR found; 48,34; calculated for CyHy,St , 48,78, 





See reference{ 1} for Mierature valves, . 7 


After distillation of the (C;Hs),S!, a fraction boliing at 117°, 8 mm, rR 1.4592, di* 0,8232 , was collected, 
MR found, 85.72; calculated for (CyHs}SICHJ2, 86.22, Literature data 10}: bp. 265-267, nf 1.4532, dj? 
0.8222, 


Found Yor © 65.21 65,37; H 12,56; 12,71; Si 21,85; 21.775 CyHySl, « Calculated Sos C 65,53 3 H 12,673 
St 21,88, 


The reaction of triethoxysfilane with ethylene was carried out by the procedure described above, 41 g of 
(C;H,0}SiH and an excess ef ethylene were heated in the presence of 0,5 ml of Fe(CO)s at 130° for 3 hours; 48 g 
of reaction products was obtaliied, pene in a column gave 31 g (65% of theoretical) of (C,H,0),SIC,Hs, 
bp. 80-81° at 40 mm, nff 1.3935 ; dj* 0,9037 MR found 50,84 3 MR cale, 51,26. ; 


Found %; Si 14, 41; 14.33; C,Hy0,SL, Calculated $3 Si 14,60, i 


After distillation of the (C,H,©),SiC,Hs, a fraction boiling at 102-103 at S$ mm was collected $ nb 1,4052, 
dj’ 0.9587, MR found 90,67; calculated for{ (C,150),SiCH,)y, 91.14, Literature data{10}: af? 1.41203 q 
0.9660, rm 


Reaction of triethysilane with vinyl ethyl ether, A mixture of 42 g of (C,Hs),SiH and 39g of C,H,0CH © 
‘= CHy was heated {athe presence of 1 ml of Fe(CO) at 130 for one hour, Distillation of the reaction products 
gave 22 g of C;H;OCH = CH; (b.p, 35°) , 19 g of (C,Hs)SiH (b.p, 106-108°), and 9.8 g of another oT (op 
718-80 at 10mm) MR found, 59,31; calculated for (C,Hs),SiCH = CHOC,Hg , MR 59,28, 


Found %os C 64,23 5 64,07; H 11,79 5 13.82; Si 15,06; 14,09, CygH3,S10, Calculated %3°C cn.At H 11,90 
Si 18,08, 
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The Infrared spectsum had an Intense band at 1615 em"! » which Is characteristic of a double bond, 


The hydrolysis of (C,H;),SiCH 2 CHOC,Hg was carried out by heating 5 8 of the substance with 3 g of 2% 
H,SO, at 110° for 6 hours; the reaction mixture was vigorously sthrred, Distillation of the reaction products gave 
a fraction boiling at 68-71° at 3mm, n> 1,4370 3 di’ 0.8437, MR found 76,65 5 calculated for (CaHHsSIOSU CHG), 


MR 76,35, 


Found Jos C 58.65 , 58,59 5 1 12,18, 12,13; Si 22,73, 22,90 CygHy9S!, 0. Calculated Ss C5846; H 12,265 
Si 22,79. 
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Corresponding Members AN SSSR D..'M. Chizhikoyv 
and V. P. Schastiivy$ ° 


A. A. Baikov Lnstitute of Metallurgy Academy of Sclences USSR 


The literature contains little information on the effect of zinc oxide on the properties of slags. Attempts 
to measure the viscosity of oxide melts containing zinc oxide have been unsuccessful, Ferrous melts containing 
zinc oxide froth and do not form a homogeneous quid, The present work undertook the problem of establishing 
the reason for the frothing of zinc-contafning oxide melts and of explaining the evolution of zinc vapors from the 
slag when it is removed from a lead shaft furnace, - ry 


The experimental method consisted basically of melting a mixture of fron, silicon, calcium, and zinc oxides 
in a protected quartz tube {n an induction fumace, A tungsten crucible was used as the heater. Theoxldes were: 
carefully ground in a mortar and mixed, and te mixture was then placed in a coruidum crucible and given a 
preliminary caicination fc a muffle furnace at 1000, A corundum crucible containing a welghed portion of 8 
mixture of the pure oxides oz silicates was placed Inside the tungsten crucible, which was then placed inside the 
quanz tube, The temperature was measured with a platinum—platinum-rhodium thermocouple, the end of which 
was submerged in the melt. The temperature of the melt reached the desired value within 10-12 minutes, aftes 
which the melt was held at thistemperature for 39 minutes and thea cooled, In Table 1 are presented the experle 
mental data .or individual metal oxides and for mixtures containing zinc oxide, fezric oxide, and sftica, On heating 
for 30 minutes at 160%, zinc oxide which had first been calcined at 900 lost a total of 1.15% by volatilization, 
Heating and fusing Fe,O, at temperatures above 1600 led to dissociation with the formation of magnetite and 
ferrous oxide, Thus, 24% ferrous oxide was found in an Fe,O, melt which had beea soaked for 30 minutes, 





When a mixture of ferric oxide and zinc oxide was heated at temperatures of up to 1600°, frothing of the : 
slag occurred, and, if the experiment wes carried out in alr, a white oxide deposit appeared oa the cold pasts of 
the quartz tube, In an atmosphere of argon, the deposit on the cold parts of the tube had a silvery , metallic color 
The metallic deposit and the oxide which deposited en the cold parts of the tube were well washed with acidified 
Low solution, Analysis of the solution shuwed that it contained zinc, Evolution of hydrogen was observed whea 
the silvery metallic deposit was washed with hydrochloric acid, As may be seen in Table 1, 51-78.6% of the 
Za0 in the binary mixtures was reduced, the amount depending on the ratfo of {on to zine, 


The introduction of silica into the melt lowered the reducibilty of the zine cxide by tying the zinc up as 
the silicate, When a melt coresponding to the stoichiometric composition of willemite (2ZnO* Si0,) was heated 
at high temperatures, the zinc was not volatilized, pi 

; :. 


Fusion of a mixture of zinc silicate and ferrous silicate and subsequent soaking of the melt at a tempesature 
of 1400 led to reduction and volatilization of vp to 25% of the Z20, : - 


The {ntreduction Lato zinc silicate melis of cven aa insignificant amount of ferrous silicate led to reduction 
of the zinc oxide, Heating mixtuscs of willemite (2ZnO* SiO,) and Fe,O, at temperatures of 1400 led to reduction 
and volatilization of the zinc oxide, 


In Table 2 are presented the results of determinations of the reduction of zinc oxide fn melts containing 
zinc oxide together with silica and calcium oxide, The presence of calcium oxide {n the melts did not produce 
a homogencous liquid state; the melt frothed, and the zinc oxide was reduced, From 15 to 25% of the zinc oxide 
was reduced in thirty minutes at a temperature of 1400°, the amount of reduction depending on the composition 

















TABLES 1 
_ Behavior of Zinc Oxide in Temmary Silicate Melts 
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TABLE 2 





Calculated chemical composi- Chemleal compositioa 
tion of oxide mixtures of melts 








FeO | FeO, 


FeO 810, | c20 | ZnO 


min, 





Ooooooo 


c> 


DSooDooooaSoso 


3888 
Bess jTtime, 


oounn 


. 
-_ 
= 
~ 
~ 
~ 
” 


c~ 
SeseRga 
BGOnrs ww 
gS 
S2as=9 


ee on 
: 
- 


Sssss 
DO AA 
e32s 


>So >ococvosce 
oO 7 
Coosos>ooSaSD°o 
BBesse 


ooom 
Bsesss 


s 
































q 
° 
oe 
“Reun 
s — 
2233 
tin tw 
Re 


of the slag, Lowerlng the soaking temperature to 1200 led to a decrease in the amount of zinc sublimed, More 


complete reduction occurred in melts having a lower viscosity and In whichless of the zinc oxide was combined 
as the corresponding silicaces, ; 


Discussion of Results, As a result of this work, {t was established that melts containing ferric oxide and zine 
oxide are not homogeneous liquids, At températures at which the lquid state exists, reduction and evaporation of 
metallic zinc occurs, Since the oxides SiO, and CaO remain unchanged when heated, only the lower oxides of 
fron can act asreducing agents. The melts were not ferromagnetic after cooling to room tempsrature, which | 
indicates that neither metallic fron nor magnetite are present in the melts, At the same time, analysis showed 
that the melts contained ferric oxide, The presence of nonmagnetic a-Fe,0, in the cooled melt Indicated 
its secondary origin, In connectionwith this, it can be assumed that the following oxidation= reduction reaction 
takes place in I'quid melts containing ferric oxide and zinc oxides 


ZnO + FeO ~ Znf + FeO,3 - 
the resulting zine Is lost by volatilization, Ty ‘ 


Recelved April 28, 1959 

















HYDROGENOLYSIS OF CARBONYL -CONTAINING FURAN 
COMPOUNDS, CONVERSION OF ALKYLACYLFURANS 
TO SIX-MEMBERED CARBOCYCLIC COMPOUNDS 


Corresponding Member AN SSSR N. 1. Shutkia and 
I, F. Bel*skif 


N. D, Zelinskif Institute of Organic Chemistry Academy of Sclences USSR 


As numerous invest! gations have shown, the direction of hydrogenolysis of the furan ring depends on various 

ctors,and first of all on the aature of the catalyst and the propertics of any side chain present, Thus, when sylvas 
and furfuryl alcohol are hydrogenated in the liquid phase in the presence of Adams platinum catalyst, cleavage 
of the furan ring occurs at the C~O bond not adjacent to the side chain, while hydrogenolysis of pyromucie acid 
under these same conditions proceeds at the C—O bond nextto the carboxyl group[1]. Definite conclusfous 
relative to the effect of side chains on the site at which the furan ring opens during hydrogenolysis fs possible 
only through a comparison of experimental data obtained during hydrogenation of furan compounds uader uniform 
conditions of phase and pressure, The necessity for uniform conditions is shown by the experimental fact that 
when sylvan {s hydrogenated in the vapor phase at ordinary pressure over copper chromite, hydrogenolysis proceeds 
in only one direction, specifically, at the 1,5-C—O bond with the formation of methyl propyl ketone [2], while 
in the liquid phase under elevated hydrogen pressure, hydrogenolysis proceeds {n both possible directions, at the 
1,2- and .S-C—O bonds with the formation of, respectively, 1-pentanol and 2-pentanol(3}, Vapor-phase 
hydrogenation conditions sometimes completely change the nature and successfon of the reactions taking place, 
H; droxyl and carbonyl groups located {a the vicinity of the furan ring are reduced under vaporephase conditions 
over nickel catalyst (Ni/ZnO and Ni/CdO) before hycrogenation or hydrogenolysts of the furan ring (4), while 
in the Hquid phase, reduction of the hydroxyl or carbonyl group with retention of the furan ring does not take place 
to any extent, Ws previously investigated the effect of the alkyl group in a-a*kylfurans on the course of the 
hydrogenolysis of the furan ring under vapor-phase hydrogenation conditions over Pt/C catalyst under ordinary 
pressuze, and we found that under these conditions, cleavage of the furan ring occurs exclusively at the c~-0 ; 
bond not next to the alkyl radical, which resulted in the formation of aliphatic ketones, 


In the present work, we investigated the hydrogenation of the methyl ester of pyromucie acid and 2-methyle 
S-acetylfuran under conditions which were completely analogous to those used in the hydrogenation of ctealkylfurans, 
We feund that in this case the carbonylecontaining groups exerted a decisive effect on the direction of cleavage. 
of the furan ring, but the effect of these groups was contrary to the alkyl-radical effect. In both cases, hydroe 
genolysis of the furan ring proceeded readily and exclusively at the CO bond adjacent to the carbonyl-containing 
groups, During the process, the initially formed hydrogenolysis products undergo further conversion under the 
vapor-phase hydrogenation conditions; this {s, on the one hand, undoubtedly of theoretical interest, and, on the 
other hand, it opens up new possibilities for the synthesis of valuable compounds on the basis of furfural, Thus, 
we found that methyl butyrate is formed in about 95% yield during the hydrogenation of the methyl estez of 
pyromucic acid at 275° over Pt/C; the methyl butryate results from the decarbonylation of the intermediately 
formed ester of the corresponding aldehydle acids 


re ae 











A very lateresting conversion occurs during hydrogenation of 2-methyl-S-acetylfuran over tls same catalysts 
among the major products are 3-methyleyclohexanone, 3-methylcyclchexanol, and meta cresol. The formation 
of carbocyclic compounds during the hydrogenation of 2-methyl-S-acetylfuran presumes deep structural changes 
in the molecule of this heterocyclic ketone, and it fs definitely the result of a series of successive reactions, 
The course of this process could be the following: hydrogenolys!s of the furan ring at the 1,5-C—O bond to give 
2 6-heptancdlone (11), which then undergoes cyclization to l-methyl-l-cyclohexene-3-one (I!) by a reaction 
analogous to that which occurs during the treatment of S-diketones with acids and bases (6), The l-methyl-le 
cyclohexene=3-one can then undergo conversion to hc mmimanacis (IV) oz meta cresol (V). 
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It is clear that the conversion of II to V will take place more completely at an elevated temperature, snd, 
on the contrary, a low temperature will favor the occurrence of the reactions I-IV YI. Ina fact, thecatale 
yzate from the hydrogenation of 2-methyl-S-acetylfuran at 270-300 contains about 50% meta cresol, and3e - 
methylcyclohexanone fs absent, while at 215-220, ~25% 3-methylcyclohexanone fs formed (in a mixture also 
contiining 3-methylcyclohexanol), and there fs practically no meta cresol present, When 2-methyl-S-acetyle 
furan is paszed over the catalyst 2t a low rate, a small part of the meta cresol may be converted to toluene, 


Thus, in contrast to nickel catalysts, with which the primary reaction during hydrogenation of 2-methyl-Se 
acetylfuran fs reduction of the carbonyl group, the chief reaction over Pt/C catalyst fs hydrogenolysis of the ring 
at the C—O bond next to the carbonyl group, and this is followed by successive reactions leading to the formatica 
of carbocyclic compounds( 3-methylcyclohexanone and meta cresol), Initial reduction of the carbonyl group of 
2emethyl-S-acetylfuran over Pt/C also occurs, but to a degree which fs considerably less than over nickel catalyst, 


The direct conversion of I tolV and V obviously has general significance and can serve as anew method 
for the catalytic synthesis of alkylcyclohexanones from 2-alkyl-5-acylfurans, 


Ths hydrogenation of 2-methyl-S-acetylfuran and the methyl ester of pyromucie acid was carried out 
in a fiow-type apparatus at ordinary pressure and at different temperatures; 215-220, 275°, and 300, The furan 
compound was fed to the catalyst et aspace rate of 0.1 hous, The catalyst was platinized carboa containing 
10% platinum, and was prepared by impregnation of activated with a chloroplatinfe acid solution followed by 
reduction with hydrogen in the reaction tube at 250-320, The a products were distilled in an efficient 
fractionating column, -- . 


1. Methyl butyrate: b.p, 102-102,5°, o 0.8979 , off 1,9870, - 
2. Meta cresols b.p, 201-203", 45~45,5° (1 mm), di" 1.0320; nif 1.5380, 


3. 3-Methylcyclohexanone : bp, 168,2-168,5° (744 mm), dj” 0,9129 5 aby 1.4453. After recrystallization 
from — alcohol, the semicarbazone melted at 179-187, 
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. 2 
COMPLEX FORMATION AND PHASE TRANSFORMATIONS 
IN THE RECIPROCAL QUATERNARY SYSTEM OF THE 
CHLORIDES AND SULFATES OF LITHIUM, SODIUN 
AND POTASSIUM a 


E. K. Akopow and A. G. Bergmas 


Kuban Agricultural Institute Rostov Civil Engineering Institute 
(Presented by Academician S. L Vol"fkovich, March 25, 1959) 


Development of the chemistry of fused salts and the accumulation of a large amount of material relating 
to equilibrium diagrams show that in melts, complex formation between salts is considerably greater and more = + 
varlegated than {n aqueous solutions of these same salts, 


The considerably fewer complex compounds formed In aqueous solutions fs due to the significant occurrence 
of hydration of the salts, this predominating, in many cases, over the process of complex formation, The results 
of our investigations of the meiting diagrams of the reclprocal quatemary system Li, Na, KIICl, SO, (Figure 1) cone 
sultute an illustration of the above, ~ 


As fs well known, in 2queous solutions only one compound, Na,SOg3K,SOg 

f,S0, No,S0, (glaserite), Is formed between Na and K sulfates; this compound fs widely 

i encountered in potassium sulfate deposits, In the absence of water, there fs 
a single compound formed during decomposition of solid solutions of the 
above elements below 476°, But these solfd solutions in the temary systems 
Ni, Na, K ] SO, decompose with the formation of three compounds whes the 
temperature is ralsed to 784-816" ; the composition of these compounds 
have not been accurately established, nor has any one of them beca fdentifled 
with the compound stable below 476°, The decomposition temperatures of 
these solld solutions decrease in the presence of the chlorides of these same 
elements, For example, this occurs in the range of 686-736" In the system 
Na, Kf} Cl,SQ,. The accumulated material on fused and aqueous multie 
component salt systems Indicates the great significance of thermodynamie 
conditions in complex formation, particularly iu the presence of other come 
ponents in the liquid phase, 


Moreover, a directional effect of solvents on the composition and structure of some complex compounds has 
been established, All of this indicates a significant effect of the medium and of the solvent on complex formation, 


The study of this phenomenon constitutes one of the most important problems in the {investigation of the chemistry 
of muluicomponent systems, : 














In an Investigation of the fusion products of the reciprocal quaternary system mentioned above , Li, Na, 
K I CisO, (Figure 1)(1-9), 17 complex compounds were established, and of these, five were double salts on the 


edges of the triangular composition prism (Figure 2), and three (I), (I), {IN)) were formed during decomposition 
of solid solutions of Na and K sulfates, 


The investigation of the fusion products of the reciprocal quaternary system mentioned above, Li, Na, KECISO, 














a ee eS ee SOB OS 








U,S0, so25sge 22°72" K 89, 
TIP Nea : 


4, 


LA 
TSS Ue 
é 


. 
Cd 



































TABLE 1° 





~, |Composition inion on 
Quadrus |Temperapihe lateral face of the 


deg C Li, NagCl, 80, - - Equilibrium phases 














co 


> 
ooo 


DOCDOCO™NOWOWUGMOOLSOSO*S 


}. ° 
» (VIII +f! X}, Naa 
VIN}, {IX}. KCI, 

D i! if " Nica 


DOROOOS 


foe >t pay aed 
wwdc 


Saneesse: 


i a 
ae 


+ {VI}. [IX]. 
par aetyeee 


ARAAMNIO 
waSsSsSues 
s 


en 


COOL MOVOWUNS 


BQww 

20 

owuww 
DOOMONUUN Rw 


S. oa. eh. O:..6. 6.8.0 BS Oo. eS oe ee 
- 


cm 
—_ 


COOUMOMNUNe 


mow 
wnrv 
ea a) 
row 


PURSASASRSSSSSS 


eye wowo 
“ee ee 


worn 


SSSSreon=Ssea 
. 


Ounomnsnooom 


DONORACOOm 


—_ 
Bod 


aAodoenso 
aIa3 Bas 





Orn mw 
eke Re Bad | 
Q 


arma 
- 
IOC LON 


1X}. (XH * K 
ily Nich 
Ix Kick, We 
or i 
if tiv V), [1X 
Hh. (lv , 
| o 
ht (vi, 
D. vit 
, , (1IT}, EVE}. [EXJ. Ka5Oq 

© G = 2L1,S0y5 D = LiSOg* KzSOg 5 Dy = LI,SO, 3 Dy = L1;S0,* 2N2,S0,. Internal phasese 

(1). (11), (ON). (1V}. CV), (VN). CVI}. [VIN], (1X), [X]. (X4}, [XU]; E) quadruple eutectle 

points P) quadruple transition point, , / 
a 1) demonstrated thelr extreme tendency toward Interaction, a tendency approaching that of the me and 

cates, ee 


CNS C9 C2 BO 

ON cs 
Ow 53 
VEN O 


£0 
70 
28 
65 
62 
82 
66, 
59 
84 
76 
53 
6 
6 
7 
4 
G 


AmwWO Wo 
mmm 
noo 








WMNOOUUNUAE 
VBNOONUNUNE wd 
oe ee oe Oe ee Pm Oe 

om oe 1 OO 
AUVNANDUD 


wm oto GO 
NWON 
anes} 

















Ld 
oo 


The external faces of the prism are shown opened out in Figure 2, It may be seen that Li and Na sulfates 
form two compounds : Li;SO,* NazSO, and Li,SOg* 2Na,SO,, and thelr chlorides form one, LiCl» NzCls two come 
pounds are also formed between Li and K sulfates: L1,SOg* KzSOg and 2L1,;SO,° KsSOy. The solfd solutions Inside 


the system decompose into three independent phases (I), [II),and (II)), There are 5 Internal : 
ah dined ascs= 
(V1), VIt],and [VII] — appearing as ternary sulfates, in the system Li, Na, K f SOge Ag Bese wie 
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In carrying out the complete Investigation of this reciprocal quatemary system, we determined ‘more thas 
8000 points, composition and crystallization temperature, not counting repeat determinations, The meltng dise 
grams of 24 sections (trlangular and square) through the prism were fully studied, 3 these sections, the melting 
diagram of one vertical (infericr) section fs shown In Flgure 3, and that of a horizontal section fs shown {a Figure 
4, Four phases ~ [IX], (X), (XJ, (XH), quaternary heterolonic compounds, were demonstrated by means of the 
{oternal sections of the system Li, Na, KB Ct, 50g. 


The diagram of these sections shows that complex formation proceeds a in the {terval of from 0 to 
25-30 % chloride content, 


25 volumes of crystallization were determined {n the system Li, Nz, KI Cl, SO, : polymorphic modifications 
were responsible for some of these,. The exper!mental data and thelr graphical treatment established the presence 
of 46 non~variant quadruple points, of which 18 were eutectic points (Tavie 1), 139 univarlant equilibrium curves 
of the 3 solid phases were established. 


In conclusion, we may point out that the diagram fs divided into 46 phase tetrahedra, This system fs the 
most complex of all of the multicomponent salt systems which have been studled, - 


A more complete invesilgation of the equilibria of these six reciprocal salts In aqueous solution Is desirable, - 
and later a study of these salts over a broad temperature Interval from the heezing points to various melt temper 
atures should be made In the hope of obtaining a complete picture of the effect of temperature and solvent on the 
chemism of the Interaction of these components. 
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A NEW ROUTE FOR THE SYNTHESIS OF STEROID COMPOUNDS 


THE SYNTHESIS OF D-HOMOEQUILENIN AND D-HOMOISOEQUILENIN 


S. N. Ananchenko and I. V. Torgov.- 
N. D, Zelinskif Institute of Organic Chemistry Academy of Sclences USSR 
(Presented by Academician B, A. Kazanskif, April 6, 1959). 


In one of our previous papers [1], we reported the synthes!s of tri- and tetracyclic ketones by cyclization of 
disubstituted dihydroresorcinol, the reaction being carried out under the influence of phosphorus pentoxide, 


ke- SSD — ie 


3 MDR-methyldihydroresorcinol 





The original diketones may be obtained both by alkylation of methyldihydroresorcinol [1] and by condensation 
of the latter with vinylcyclenols (Zj; elther the first or the second method may be the more sultable depending os 
the structure of the orlginal carbinol, 


We decided to apply this reaction to 1-vinyl-6-methoxyl-1-tetralol in order to : geaecad a tetracyclie 
system with functional groups In the 3 and 17 positions, as in natural steroids, 


Indeed, by heating l-vinyl-6-methoxy-1-tetralol (I) with i-methy lane (II) in the presence of : 
trimechylbenzylammonium hydroxide (triton B), we were able to prepare 3-methoxy~ O17 59.8,4+seco-D-estratctracnee 
14,17a-dione (II) In 41% yield calculated on carbinol (I) znd 607 calculated on the reacted diketone (1), Cyclie 
zation of diketone (III) with phosphorus pentoxide led to 3-methoxy ~4!5"*""*-p -homoestraenone (IV) 


wi v 


The structures of diketone (III) and ketone (IV) were conflrmed by spectroscopic data and by the further conversions 
of these compounds, \ 


Demethylation of ketone (IV) by heating it with pyridine hydrochloride produced the ketophenol (V), This 
same ketophcnol (V) was formed by a similar treatment of diketone (uly, f.e., the demethylation of the lattes 
was accompanied by cyclization, 


Hydrogenation of ketone (IV) in a mixture of alcohol wt pyridine gave a difficultly separable mixture of 
‘tans~3-methoxyA!"*""-D-homoestratetracne=17 a-one (VIa) and, apparently, its 4°")=tsomer (VIb), By analogy 
with the hydrogenation of 6,9-dimethyl-a*”*hexahydionaphthalene~l-one (2b), which is similar in structure, the 
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addition of hydrogen to ketone (IV) should proceed froin the least-shiclded side {nthe 1,2 and 1,4 positlons, This 
mixture, without belng resolved, was subjected to dehydrogenation at 330 In the presence of palladium on carbong 
this resulted in the formation of the methyl ethers of cls-D-homoequilenin (Vila) and of trans-D-homoequilenia 
(VUb), Cls-D-homoequilenin (VIIa) and trans-D-homocquilentn ( VILIb) were obtained by demethylation of the 
two ketones, 


Via 4°, H-i4e Vila 11-148 VIITans-14p 
Vib ot VIIb H-14e VIIb 4-I4e 


The melting points of ketones (VIIb), (Villa), and (VIMb) were in agreement with the Mrterature values (3,4), but 
the melung point of ketone (VIIa) was tigher by 5 than the value reported by Bachmann (3}, The wv, spectra 
of ketones (VIIa) and (VIIb) were very close to the u.v. spectrum of 8-methoxynaphthalene, Mixtures of D-homoe 
equilenin (VIIIb) and of its methyl ether (VIIb) with known samples melted without depression of the melting 
points, These samples were kindly placed at our disposal by Prof. Chang Chin (Peking Petroleum Institute), foe 
which we owe him our heartfelt appreciation, , 
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Fig. 1, U.v. spectras a) 8 -methoxynaphthalenes b) methyl ethes 

of trans-D-homoequilenin (VIIb); c) methyl ether of cls-D-homoe 
-equilenia (VIIa). was >? 


According to Bachmann, trans-D-homoequilentin (VIIIb) Is active in doses of 50 y as against 30y for equilenia 
when injected subcutaneously into mice, “ae 


EXPERIMENTAL PART 


The levinyl-6~methoxy-1-tetralol was prepared by the method previously described by us(S}. The methyle 
dthydroresorcinol (11) was prepared by methylation of dihydroresorcinol, ; 


Condensation of levinyl-6-methoxy=1-tetralol (1) with methyldihydroresorcinol (II), A mixture of 10 g of 
carbinol (1), 6.2 g of methyldihydroresorcinol (11), triton B (from 1,3 g of the hydrochloride and 0,4 g of KOH fa 
3 ml of alcohol), and 12 ml of xylene was heated at 120-130 for 1 hour in a stream of nitrogen, The solution 
was cooled and diluted with 50 ml of ether , and the unreacted methyldthydroresorcinol (2:0 g) was separated, 
The ether solution was washed three times with a 5% solution of KOH and then with water, and was dried with 
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magnesium sulfate, After filtration and distillation of the saben, the residue crystallized, There was obtained + 
6,2 g of dikctone (II) with an m.p, of 89-90 (from alcohol), men (in alcohol) 267 my (loge 4.18); 1, & 


spectrum (in chloroform): 1720, 1694, 1601 cm", 
Found %: C 77,0, 76.7; H 7.8 , 1.9; Cypts,Oy. Calculated %: C 76,93 H 1,38. 


Cyclization of diketone (II), A mixture of 12,7 g of diketone (II) and 1,2 g of phosphorus pentoxide was 
heated for 7 minutes at 120 and 95 mm, The reaction product was treated with soda solution and extrected with . 
chloroform, and the extract was dried with magnesium sulfate, After filtration and distillation of the solvent, the 
— crystallized completely, There was obtained 11 g of ketone (IV) with an ma of 135-136° (from alcohol) 

A max (in alcohol) 230, 308 my (log¢ 3,18, 3.49). | Lr. spectrums: 1699, 1598 cm 


Found %: C 81.7; 81,5; H 7.453 7.4. CoH :0,. Calculated %: C 81,6; H 7.8. : 
2,4-Dinitrophenylhydrazones m.p, 216=217° (from chloroform), 3 
Found J: N 12,0; 12.0. CygHONy Calculated %: N 11,8. < 


Demethylation of dikctone (III) and of ketone (IV), A mixture of 10 g of freshly prepared pyridine iain 
chloride and 0,4 g of diketone (III) was heated in a stream of nitrogen at 210-215° for 40 minutes, Whea cool, 
the product was. mixed with 200 ml of Sj hydrochloric acid ard’extracted with chloroform, The extract was agitated 
several times with 5% KOH solution, and the alkaline solution was acidified, There was obtained 0,23 g of 
4'°%'814_d ~ homoestrapentaca=3-ol-17a=one (V), Mp. 239-AF (of the solvate; from alcohol), 


Fund %: C 80,2; 80,3; H 7.2; 7.3 . 4C,9H,0,°H,0. Calculated %: C 60,15 H 7.3. 


The acetate, m.p, 149-150, was obtained by heating ketopherol (V) with acetic anhydride in pyridine (10%, 3 
hour), The demethylation of ketone (IV) was carried out in a similar manner, From 1 g of ketone (IV) was obtained 
0,2 g of ketophenol (V) with an mp, of 239-240; a mixture of this compound with the sample prepared above 
showed no depression of the melting point, : 


Hydrogenation of ketone (IV), 1 g of ketone (IV) in a mixture of 15 ml of alcohol and 10 ml of pyifdine was 
hydrogenated in the presence of 5% palladium on calcium carbonate, The hydrogenation proceeded sapidly, and 
after 10 minutes, 84 ml of hydrogen had been absorbed; this amount may be comparedwith the 77 ml theozetically 
required, calculated for one double bond, There was obtained 0,74 g of a mixture of kctones (VIa) and (VIb) with 
an m.p. of 124-127°; we were unable to resolve this mixture by crystallization, XAmax (from: ter 276 mp 
(log € 4,21), 


Found % ; C 80,8; 81,1; H 8,3; 8.3. C2gH 403 « Calculated $: C 81,03 H 8,3, 


Similar results were obtained by ans 206 of ketone (IV) in benzene {n the preseace of palladtuma 0a 
carbon and platinum {n ethyl acetate, 











Dehydrogenation of the mixture of cfs-and sialic (VIa and VIb). 2.36 g of the mixture of ketones 
(VIa) and (VIb) and 1,2 g of 1% palladium on carbon were heated at 320-330 for 10 minutes, during which. 180 mi of gu 
ml of gas evolved (primarily hydrogen), When cool, the mixture was extracted with 200 ml of boiling chloroform, 
The extract was filrered and evaporated, and the residue was crystallized from ethyl acetate, There was obtained 
0,4 g of the methyl ether of D-homoequilenin (Vb), m.p, 214-215°, and 0,4 g of its cls fsomer seis sieott 
175-176, . 





For ketone (VIIb): Amax {in alcohol) 229.5 , 267.5, 278, 288.5, 996 mp (log € 4,73, 3,69, 3,72, 3.56, ‘28, 
3,36). it 


Found % : C 81,35, 81,4; H 7.7, 707s CusHin0y Calculated $s C 81,6; H 7.8, : ' 


The semicarbazone had an mp, of 243-245°, Bachmann gives for ketone (VIIb) an m.p, of 213-214° and for — 


the semicarbazone an mp, of 244-246, For ketone (Vila) A.,4y (in alcohol): 228.6, 266, 276, 286, 319, and 
335 my (log € 4,64, 3.68, 3,47, 3,20, and 3,30). 


Found %: C 81,55, 81.8; H 7.7, 7.73 CopHz0» Calculated $s C 81.8 3H 7,8. 


Bachmann gives an m.p, of 125+126° for ketone (VIIa) (3), For 8-methoxynaphthalene max (10 alcohol): 227, 
261,5, 271, 314, and 328 mp (log € 4,85, 3,61, 3,65, 3,19, 3,30), 























A mixture of a sample of the methyl ether of D-hcmocquilenin (VIb) with the sample provided by Prof, 
Chang Chin (4) showed no depression of the melting point, 


Demethytation of ketones (VIIa) and (VIIb) to cls* and trans-D-homoequilenins (VIIa) and (VIIIb), A mixture 
of 158 mg of ketone (Vila), 25 ml of glacial acetic acid, and 8 mi of 43 % hydrobromic acid was tcfluxed for 2 
hour In a stream of nitrogen, After the solution had cooled, {t was poured in 30 ml of water, and the precipitate 
was filtered and dissolved In 75 inl of Sf KOH, The alkaline solution was filtered, acidified with hydrochloric 
acid, and extracted with ether. From the extract, after evaporation and crystallization, was obtained 83 mg of clse 
D-homocquilentn (VIIa) with an m.p, of 244-24S° (from alcohol); Ag ax(Ia alcohol ) 228, 267.5, 278, 229, 324.5, 
and 333 my (log ¢ 4,81, 3,75, 3,58, 3,33, 3.39), See Figure 3 for the ir, spectrum, . 

; 
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Fig. 2. Le. spectrum of trans-D-homoequilenfa (VIIb). 
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Fig. 3. Le. spectrum of cls-D-homoequilenta (VIIa). 


Similarly, from 200 mg of ketone (VIIb) was obtained 50 mg of D-homoequilenin (VIIIb) with an m.p, of 
234-235° (from alcohol); Amax (in alcohol): 230, 270, 281, 292, 326,and 339 my ( log.€ 4,80, 3.63, 3.74, 3,59, 
3.33, ané 3,39), See Figure 2 for the Le. spectrum, Bachmann gives 259-240 for the m.p, of the cls-lsomes 
(VIfla) and 232-233 for the m.p. of the trans fsomer (VIIIb) (3). A mixture of a sample of D-homoequilenia 
(VilIb) with a sample of the material provided by Prof, Chang Chin [4] melied without depression of the melting 
point, 
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CONFiTURATIONAL RELATIONSHIPS DURING 
ST EREOSPECIFIC CATALYSIS 


Academician A.‘ Balandin, E. I. Kiabunovskif, 
and Yu, I, Petros 


N, D, Zelinskif institute of eer Chemistry Academy of Scfences 
USSR 


The multipiet the ory of catalysts points out the necessity for the existence of a structural correspondance 
between the reacting r _ ecule and the fine structure of the catalyst surface, This correspondence has bees 
studied for a numbers o1 . ."es of heterogeneous catalysis [1-3]. Inasmuch as the principles of structural and enero 
getic corresponsence required by the multiplet theory have also been applied to enzyme catalysis [4-6], {t became 
necessary to trace these correspondences In the field of asymmetric microheterogencous catalysis, Such reactions - 
are of considerable Interest In catalysis theory, since in this case the substituents along the boundary In the reaction 
index exert a particularly stros¢ effect, In this case, the effect!veness of stereospecific catalysis depeads on the 
degree of structural correspondence, In this connecifon, extension of our knowledge conceming reactions — 
by microheterogeneous asyi~ aetic catalysts models of enzymes — is of great Lnterest, 


Skita’s catalyst = col!vid:: plat{num or palladium with gum arabic as a protective colloid © was selected as 
such a Catalyst. This catalyst has Leea used for the hydrogenation of a number of compounds containing multiple 
bonds, including compounds which, upon hydrogenation, yleld products with an asymmetric carbon atom(forexample, 
the catalyst has beea used “# the preparation of ephedrine derivatives (7]), However, for varions reascns the 
appeerance of optical acti .ty {n the reaction products has not been noted, up to the present, when such colloidal 
Catalysts are used (the rease ™ for this include possible racemization, low specific rotation of the reaction product, 
etc.) Moreover, as we have been abie to clarify [8], such a catalyst displays stercospecificity of action, through 
it may not be high, 


The platinum and pallefiuma = * alysts were prepared by the method of Skita {9} as modifled by Karyakia 

- {10}, The gun arabic solution «. » «cer had {aj} =-<6°. The asymmetric reactions selected for this study 
comprised hydrogenation of C=O and C =N bonds fn keto acids and In a dioxime, The amounts of the starting . 
compounds were selected so that da’. irs, the optical measurements even a small optical rotation of the product ef 

the asymmetric synthesis could be detected, providing, of course, that asymmetric synthesis occurred, As examples 
of such compounds, we used phen; i andasnaphthylglyoxylic acids, which yield hydroxy acids with high specifle 
rotations: mandelic acid with[a,~ ==257° and a@-naphthylglycolic acid with (215 2 +230, It should be pointed 

Out that these two acids, which re =» polarized IMght In opposite directions, belong to one configurational serles, 

In addition, we {nvestigated the, __ cation of N,N*=dlacetyldiphenylglyoxime to diphenylethylenediamine, 

the specific rotation of which changes within wide limits depending on the concentration of the solution Investigated, 


The phenylglyoxylic acide ~#) and the a-naphthylglyoxylic acid (m.p, 104-105") were prepared 
by oxidation of, respectively, a «¢ and a-naphthyl methyl ketone with alkaline permanganate at (7. 
The keto acids were purified wt. ¢s.voa <sulfide and recrystallized from CClg[11}. The N, N° edlacetyldiphenyle 
Slyoxime (m.p, 146-147°) was prepared by o»‘mization of benzil with subsequent acetylation, The hydrogenation 
was carried out in a thermostated catalytic Dcmb at 600-700 oscillations per minute, atmospheric pressure, ands | 
temperature of 20-40 ; cloxane, acetic acid, or water was used as the solvent, Inasmuch as palladium catalysts 
are several times more active than platinum catalysts, 20 ml of the collo{dal solution of catalyst containing 0,18 
8 of platinum and 0,2 g of protective collold was used {n each experiment with the platinum catalysts in the case 
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Fig. 1. Hydrogenation of phenylglyoxylic acid (1) and of N,N’ 
diacetyldiphenylglyoxime (2) as functions of time (A) and of dee 
gree of conversion (8), — 
‘of the palladium catalyst, 5 ml of solution containing 0,03 g of palladium and 0,10 g of gum arabic was used, 
The calculated amount of hydrogen was obsorbed In all hydrogenations, In Figure 1 are shown the kinetic curves, 


plotted as rate vs, time and rate vs, degree of conversion, for the hydrogenation of phenylglyoxylic acid and the 
cloxime, 


At the conclusion of the reaction, the catalyst was coagulated by acidification of the solution and subse 
quent heating, or it wat separated by extraction of the product with ether, During {solation of the reaction products, 
particular attention was pafd to thelr separation from traces of the levorotatory collold In the form of crystallizable . 
derivatives, Mandelle and a-naphthylglycolic acids were separated through thelr copper, silver, or barium salts, 
The mandelfe acldobtalnedhad an m,p, of 117,5-118,5° (a mixed sample showed no melting point depression); - 
the a-naphthylglycolie acid had an m.p, of 95° (with decomposition), The diamine was separated through the 
hydrochloride and carbamate (m.p, 106-107°); the base was Invest, ated polarimetrically, 


Optical activity was measured with a “Bellingham” half-shade polarimeter using Ight from a sodium lamp, 
the accuracy of the reading was 0,91°, and the average error of the measurements was 0,003-0,00S°, The percentage 
content of the opucally active product, P(%), was determined from the ratio of the specifle rotation of the reaction 
product to the specific rotation of the optically pure compound, The results of the most characteristic experi 
ments are presented In Table 1, 


The comparatively high value of the specifle rotation of the diamine product merits attention during & 
omnia of the data presented Ie the table, : 


The data obtained make It possible to detect a definite configurational rclctionship between the crcalyst 
and the reacting molecules, First of all, it 1s necessary to point out that {n the cases Investigated, the protective 
colloid (gum arabic) apparently served as an asymmetric carrier, and not as an optically active solvent, Otherwlse, 
the catalyst undergoing coagulation during the reaction (as a result of an Increase in temperature or wheit an un 
sultable solvent was used) would not have lost {ts stereospecific action, Under the influence of the asymmetric 
structure of the carrier ~ gum arable, which consists chiefly of residues of Learabinose = during the hydrogenation 
of benzoylformic acid there was formed a small excess of the natural levocotatory maadelle acid, which has 
D configuration, The dextrorotatory a-naphthylglycolic acid obtained alsobelorigstotheD serles, This indicates 
that during catalysis, our asymmetric carrier acts selectively, promoting predominantly the formation of acids 
with a D configuration, The configuration of the optically active diphenylethylenedizmine product, the structure 
of which presumes the presence of asymmetry of the type of tartarle acid, must also correspond to the structure of 
the carrier, Consequently, on the basis of the sign of the rotation (the dextrorotatory diamine fs formed), the 
dizmine must also belong to the D serles, However, this conclusion cannot be considered g final one, since, as 
Akaborl and co-workers found [12], adextrorotatory diamine {s formed during asymmetric hydrogenation of 
diphenylglyoxime over a catalyst of palladium on silk, and, uncer the conditions investigated, the formation of 


amino acids of the L serfes (glutamic acid, phenylalanine) was observed dusting the hydrogenation of the correspond 
ing imino compounds, 


Our data confirm the presence of a close configurational correspondence between the asymmetric catalyst 
(more precisely, an asymmetric carrler) and the sterile structure of the reacting molecule, The necessity of such 
Correspondence, which must be considered a basic condition of asymmetric synthesis, was pointed out during 
consideration of the mechanism of asymmetric catalysis using catalysts based on —- active quartz (13}, 





TABLE 1 





ig , ee Solvent (Ip 
Optically active product (t = $,9009) . 





Mandelic acid, —0,071° CH,COOH | —0,74 
: : —0,052° CH,COOH | —0,63 

a-N aphih)Iglycolte +0,03° CH,COOH | +1,2 
acid 


N,N'-Diacetyldiphenyl- +0,074° C;HsOC3H, | +12,5 
“ethylened amf{ne +0,65°(/==4)} 0,33 | CstH,OCsH, | -4-42,7 


N.N*-Diacetyldiphen es 
ethylenediamines +0,05° H,O | +1,8 























In the present case, the protective colloid served not only as a stabilizer for the metal sol, but also as am 
asymmetric carrier; this {s confirmed by the fact that asymmetric synthesis of hydroxy acids and of a diamine - 
occurred when a catalyst with a protective colloid was used, This point of view was also confirmed by special 
experiments which showed that the reaction product (mandelic acid) has no optical activity whea the hydrogenae 
lon of phenylglyoxylic acid fs carried out in a solution of gum arabic with a catalyst of palladium on silica gel 
As the work of Bredig, Voegler, Cohen, end Rice and others [2] has shown, an asymmetrizing effect on the reaction 
by an optically active solvent sometimes appears, although to a slight extent, That this was not observed in the 
present case indicates the small asyrnmetrizing actionby the polysaccharide = gum arable solution used, This 
is observed in a catalytic reaction when the collo!d is simultaneously the carrier, Finally, the data obtained 
permit expansion of our concept of the nature of the colloidal catalyst, and they show that the metal particle fs 
not in the solvatec film of the micelle, but {s {n direct contact with the asymmetric molecules of the protective 
colloid, owing to which the occurrence of asymmetric adsorption and asysumetric catalysis becomes possible, 
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ENTHALPIES OF POLYMERIZATION OF N-SUBSTITUTED LACTAMS 


M. P. Kizina and & M.. Skuratov 
M, ¥. Lomonosov Moscow State University 
(Presented by Academician A, A, Balandin, April 4, 1959) 


Generalizations for polymerization processes of heterocyclic compounds cannot be established without the 
systematic accumulation of material in this field, A number of authors (1,2] have asserted that the diffesences fa 
the abilities of different heterocyclic compounds within a given homologous serles to undergo polymerization undeg 
, the same conditlons can be explained only by the change in enthalpy and entropy during these reactions, However, 
* until recently there has been no experimental data which would permit quantitative consideration of this question, 
even for one series of heterocyclic compounds, ; 


The change in enthalpy for a polymerization reaction can be found comparatively readily as the difference 
between the heat of combustion of the monomer and that of the polymer unit (the lattes can, In many cases, be 
reliably calculated), Dealing with entropies {s considerably more complex, There are alrnost no experimental 
data for corresponding substances, and attempts to calculate these velues do not always yield rellable results, Ia 
a series of papers (1,2) we assumed, and Dainton and co-authors showed on the bas!s of a considerable amount of 
material {3), that the change is the thermodynamic potential during polymerization of carbocyclic compounds 
(with S= to 8-membered rings) s determined chiefly by the change in enthalpy (AH); the eatropy change fa these 
reactions {s comparatively small. It has recently been experimentally determined that the entropy change durlag 
the polymerization of € -caprolactam {s small (4}. Thus, even In the absence of entropy data, the Investigation 
of the heats ofeombustion of corzesponatng substances and the calculation from these data of the enthalpy change 
ducing a polymerization reaction (hypothetical in some cases) has significance, 


Ia previous work, we evaluated AH for the polymerization of lactams with 5 to 8 atoms in the me, It fs 
well known that a substituent, even at a carbon atom, reduces the ability of a compound to undergo polymerization 
{5}. The polymerization of amides with a substitucnt on the nitrogen ator fs stil] more difficult, It has eves 
been asserted that N-substituted lactams generally are Incapable of polymerization {6}, Since it has been cstabe 
Ushed that N-methylenantholactam does polymerize[7}, it appeared to be of interest to obtain data which would 
permit evaluation of AH for the polymerization of methyl-substituted lactams with from 5 to 8 atoms fn the ring, 


The present article reports the results of determinations of the heat of combustion of N-methylpyrrolidone, 
N-methylpiperidone, N-methylcaprolactam, N-methylenantholactam, and N~ethyl-N-methylproplonamide (the 
heat of combustion of the latter substance was used in the calculations), All of these substances were synthesized 
and carefully purified by fractional distillation at reduced pressure in astream of nitrogen®. These substances, 
contained in thin-walled glass ampouies, were burned in a calorimetsic bomb, In orders to exclude contact of the 
substances with moist afr, filling of the ampoules was accomplished during the distillation (in a stream of dry 
nitrogen), The methods used for measuring the heats of combustion have been described previously (8}. The amoung 
of material bumed in each experiment was determiaed from the amount of carbon dioxide found during analysis of 
the combustion products (absorption of CO, by ascarite). This mcthod of analysis was developed during a sesles 
of experiments in which a standard,benzole acid, was burned, and it permits determination of CO, with a total 
amount of CO; of about one gram with an accuracy of (40.02%), The close agreement between the amoung 


* The synthesis and purification of the substances were carried out in the Institute of Synthetic Fibers by N. 
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TABLE 1 





Compound, in the 
liquid state 





N-CH;-pyrrolicone 
NeCl!;-p peridone 
N-CH-capro!actamn 1029, 050.4 
N-Cijy-cnantholactam 1,4850 1187+0,3 
N-Ethyl-N-methyle 
proplonamide , 1,4400° | 4, 928,1+0,1 














Ro % * At 27g, 


' ‘@ 
of carbon dioxide found In the combustion products (CO; found) and that calculated from the original sample 
welght (COzcaic.) served as a criterion of the completeness of combustion and of the purity of the preparation, — 


The fuysicochemical constants of the substances {nvestigated and the experimental data are presented ta 
Table 1, 3 


In column 4 are shown the changes In enthalpy, in kcal /mole (cal = 4.1840 abs, Joules), during lsothermal 
combustion (25°) of the substances {n the liquid state at a pressure of 1 atm , the reaction products being gaseous 
CO; and Ng and Mquid water at a pressure of 1 atm. From these values, heats of polymerization (AH), for the 
Uquid state) for all of the lactams Investigated were calculated according to the schemes 


AHp = AH"e monomer © AH" polymer unit {a the Linear molecule. 


CH, — N(CH),CO ‘ace: 


4H" = 156,3p + 245.3 kcal., where p fs the number of Ci, groups, and the value 156.3 kcal 1s the Increment 


in the heat of combustion per CH, group 10}. The increment for the -N-CO~ group was taken as the dife 
ference between the observed heat of combustion of N-ethyl-N-methylproplonamide and the known heat of come 
bustion of n-butane [10]; it was found to be 245.3 kcal, : 


It fs interesting to compare the values of AH) for N-substituted lactams with values of 44 determined 
by us previously by a similar calculation for unsubstituted lactams with the same number of atoms In the cing 


(Table 2), 


As may be seen from these data, Nemethyl-substituted lactams have lower heats of polymerization than 
the unsubstituted lactams with the same number of atoms In the ring, This has vezy recently been noted by 
Jumoto and co-authors during a study of the effect of side chains on the polymerization of €-caprolactam {11}, 
Of the compounds investigated, the highest heat of polymerization (3,9 kcal /mole) was found for the elghte 
membered N-methylenantholactam; ft agreed with the value for the heat of polymerization of ¢ caprolactam, 
Thus, in both serles of compounds, those compounds for which the heat of polymerization fs less than 3,8 kcal pez 
mole do not polymerize under the curditions Indicated fn the table, 


TABLE 2) 


No, atoms} N-CH,=substuted lactams 


in the Ability to 
ring polymerize® 











No polymeriz. 
e ee. 
2 


e'. 
Polymesized 














* Polymerization by heating to 200-24% with a small amount of activator 
and at a pressure of 1 atm, 
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A NEW METHOD FOR THE PREPARATION OF PROPIOTHIOLACTONES 


M,. G. Lin*kova, N. D. Patrina, and Academiciaa 
I, L. Knunyants 


Institute of Heterorganic Compounds perils of Sciences USSR 


We have previously shown that B-mercapto acids yleld B -proplothfolactones under the Influence of ethyl 
chlorocarbonate in the presence of trlethylamine (1+3}, 


ae 
ce + eli, at @. 


mae ee Hak cu’ b_ bo 


It has now been found that these same thiolactones can be successfully obtained dy the action of hydrogen sulfide : 
on the chlorides of B -halocarboxylic acids, This method compares favorably with that previously described ia thas 
it does not require the spectal preparation of difficultly avaflable 8 -mercapto acids, and also In the requirement 
for separating the Intermediately formed 6 ehalothfolcarboxylic acids, Thus, the action of hydrogen sulfide o8 

6 -chloro and 8 -bromo-a ~v-diphenylproplonyl chloride fa =:ethylene chloride solution In the presence of trlethyto 
amine gave a st~diphenyl- 8 -proplothiolactone (I) in a yield of above 90%, It seems natural that the first stage 
of the zeaction {s the formation of triethy!ammonium-8 -halo= c gtdiphenylthfolcarboxylate, which then seadily 
cyclizes to the cormesponding B-p:op.othiolactones 


CHIC ns Sige Some _ Hh-CGati 
x cocl (C,H,)N dos- (C;H,)3N H* : 


Extension of this reaction to the chlorides of other B -halocarboxylic acids showed that this new method {fs a gene 
eral method for the preparation of 6 -propfothfolactones, Thus, from a-methyl-a-cthylthio= 6 echloropropionyt 
chloride and 6 ,6 -dimethyl-8 -bromopropfonyl chloride were obtained, respectively, a-micthyl-a-ethylthioe Be 
proplothJolactone and the previously described 8 ,8 -dimethyl-5 -proplothlolactone, More careful tnvestigatioa 

of the conditions of formation of 8 -propfothiolactones by the new method showed that, depending cn the stability 
of the 6 -propfothlolactone formed, {n certain cases sodium sulfide can be used In place of hydrogen sulfide, In 
order to avold cleavage of the resulting thiolactone with the formation of a Bemercaptothlolcarboxylic acid during 
the preparation, a low temperature should be maintained, the theoretical amount of triethylamine should be used, 
and an excess of hydrogen sulfide should be avolded, ’ 


During this investigation, it was also found possible to prepare a a -diphenyl~6<propfothfolactone by age 
hydridization of a diphenyl 6 -mercaptopropionic acid, both by the action of ethyl chlorocarbonate and by 
the action of phosphorus pentachlorides __ . | 


a <_s »~ | eM ex 


It is Interesting to note that, In contrast to the anhydridization of B -mercapto acids, anhydridization of Be - 
hydroxy acids proceeds primarily with the formation of a, 6 -unsaturated carboxylic acids, In the case of age 


disubstituted 8 hydroxy acids also, 8 -proplolactones are not formed, and a reverse of the aldo} condensation — 
occurs [4,5)s 


; 
. 











w oat cle RCHO + CHCOOH 
but Lor Ry : 


An exception in this serles $s 8,6 -di(trlfuoromethyl)-3 ciel acid, the anhydridization of which in 
our laboratory recently led to 3 ,8 -di(trifMluoromethy!)-8 -proplolactone, 


EXPERIMENTAL PART 


& ~-Diphcnyl- 6 -proplothlolactone (1), a) To 2,2 g (0.0039 mole) of a s-diphenyl- 5 -mercaptopropionfe 
acid tn 50 ml of chloroform at -10 was added 0.5 ml (0,0107 mole) of triethylamine followed by 0,9 mi (6,009 
mole) of ethyl chlorocarbonate in 20 ml of chloroform, The mixture was allowed to stand for 1 hour at ~10, the 
triethylamine hydrochloride was precipitated with absolute ether (200 ml), and the mixture was allowed to stand 
at room temperature unul the following day, The trlethylamine hydrochloride was flltered, the filtrate was washed 
with magnesium sulfate, and the solvent was distilled under vacuum at room temperature, The residue was 
crystallized from heptane, The yleld was 1,5 g (70%); m.p, 55-56", The colorless needles were readily soluble 

- in ether, benzene, and chloroform, difficultly soluble in heptane, and {nsoluble In water, 


Found %: C 74.90; H 5,25; § 12,46, CysH,,0S, Calculated %: C 75,00; #4 5,00; § 13,33,. 
Cleavage of I with 10% aqueous alcotiolle alkalf (1:1) (3 hours at ~ 100°) gave a,a-diphenyle- B -mercaptoe 


propionic acid (85 %), m.p, 197-19¥ (m.p, from the Irerature [6], 200-202,5°), A mixed sample with knowa 
a,a-diphenyl & -mercaptopropionic acid melted without depression of the melting polnit, 





b) 0.8 g (0,005 mole) of powdered a sa -diphenyl-8 -mercaptopropionic acid was mixed with 1,25 g (0,008 
mole) of phosphorus pentoxide and heated for 6 hours on a bolling water hath, and the mixture was then extracted 
with hot petmleum ether, 0,45 62%)of Iwasobtaincd, The yleld did not change when the preparation was carried 
out fa solution In meta xylene, , 


¢) To a solution of 3,23 g (0.01 mole)of aa aliphenyl~B -romoproptony? chloride {a 35 mi of nila 
chloride was added dropwise a solutioa of 2.64 g (0,011 mole) of Na;S° 9H,0 In 35 ml of alcohel, The mixture 
was evaporated to dryness under vacuum, the residue was extracted with ether, and the ether solution was washed 
with water and dried with magneslum sulfate, Evaporation of the ether gave I in quantitative yleld, 


4) 3,23 g (0.02 mole) of a a -diphenyl-B -bromopropionyl chloride (or the corresponding amount of a @ - 
diphenyl- B -chioroproplonyl chiocide) was dissolved in 30 ml of methylene chloride, and the solution was saturated . 
with hydrogen sulfide at 10 for 1 hour. 2,8 ml (0,02 mole) of triethylamine {a 5 ml of methylene chiorflde and 
5 ml of absolute ether were added dropwise to the solution over a period of 30 miautes and during the additfoa 
the mixture was saturated with hydrogen sulfide, The temperature was ralsed to room temperature, and 100 mi of 
absolute ether was added, After removal of the precipitated triethylamine hydrochloride and hydrobromide, the 
solution was washed with water and dried with magnesium sulfate, The solvent was evaporated, There was obtalaed 
2.3 g(96%) of L Uf after the addition of the triethylamine was complete, hydrogen sulflde was passed Jnto the 
reaction mixture for an additional 10 hours. the yield of I did not exceed 40%, and 1,8 g (167) of triethyismmontum 
a@ 2 -diphenyle 8 -mercaptothiolpropionate, m.p_ 107-103° (from alcohol), was obtained as a by-product, . 


Found % : © 66,78; H 7.89; N 4,09; $ 16.67 . CyH,,NOS;. Calculated % : C 67,20; H 7.73; N3.73; $ 17.06, 


aeMethyl-c ~ethylthto-d -proplothfolactone (1), 50 ml of CH,Clg was saturated at -1% with hydrogea 
sulfide for 30 minutes; 9,12 g (0.05 mole) of a -methyl-a -ethylthlo- 8 =chloropropionyl chloride In 25 ml of 
absolute ether and then 10,1 g (0,1 mote) of triethylamine were added dropwise while hydrogen sulflde was passed 
into the reaction mixture, and the addition of H,S was continued for another 10 minutes, After 1,5 hours, absolute 
ether was added until the precipitation of triethylamine hydrochloride was complete, the mixture was fltered, 
and the filtrate was washed with water and dried with magnesium sulfate, Evaporation of the solvent gave 4 
50 % yield, of a -methyl-a -ethylthio-6 -proplolactone as a light yellowish Uquid; bp, 68-70°/ 0,1 mm; of 
1,5425, MR: found, 44,21; calculated 43,67, Mol, wt, (cryoscopic, in benzene) 156, Density 1,154, 


Found %3 C 43.55; H 6,29; $ 39,07. CH,yOS,. Calculated %3 C 44.4; H 8175 $ 38,27, 


Cleavage of If with aqueous~alcoholichydrochloric acid(1;1X3hours,~100) gave a-methyl-c-ethylthio-B« 
mercaptopropionic acid, bp, 140-143 1-2 mm, Siinilarly, from 6 ,8 -dimethyl-d -bromoproplonyl chloride was 
obtained a 46% yield of B 5 -dimethyl-B “peoplothiotactone, d.p. sda d 1-3 mn, 
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Benzyl-a «methylec: ethylihioe 8 -mercaptoproplonamide, To 1,62 g (0,01 mole) of u-methyl-a eethyle 
thioe B~proplothlolactone {n 25 ml of absolute ether was added 1,07 g (0.01 mole) of benzylamine in 25 ml of 
absolute ether, The mixture was allowed to stand at room temperature fn a sealed Mask without accessof alr 
until the following day, and the benzylamide was then extracted from the ether solution with 1 N NaOH, Acidle 
fication of the aqueous solution with 2 NH,SO, gave benzyle Ce eee 
in quantitative yleld; m.p, 60-61° (from petroleum 2t%er), 


_ Found bz C 57,18; H 7,16; 23.56% CyyH,gOS,N, Calculated Sz C 58,00; H 7.063 23,780 


The benzyl- a-methyl~a eethylthlo= d -mescaptoproplonamide readily oxidized {a als to the corresponding 
disulfide, mp, 121° (from absolute alcohol, 


Found %s C 58,07; H 6,90, S$ 24.02. (C,sH,,OS,N} Calculated Sos C 58,203 H 6,713 $ 23.90% 
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CATALYTIC ISOMERIZATION OF HYDROCARBONS 
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Until recently, only a small amount of work had been reported on the lsomerization of hydrocarbons of the 
cyclobutane serles, Thus, V. N, Ipatleff and N, L, Tikhotski{ [1] carried out experiments on the fsomerization of 
methylcyclobutane under the Influence of clay at 290-300, and they found that opening of the fouremembered 
ring occurred under the conditions of the experiments, O, Fillpov [2] reported that when methylenecyclobutane 
{s passed over aluminum oxide at 300, slmost complete lsomerization to methylcyclobutene takes place, At 
higher temperatures (400-430°) according to the data of Doyarenko (3), fsoprene is obtained from methyleaecycloe 
butane In the presence of aluminum oxide, - 


The lsomerization of methylcyclobutane under the Influence of aluminum oxide and thorfum oxfice was 
studied by N. A. Rozanov [4], and, judging from the bofling range of the catalyzate, a mixture of 2-pentene, Ze 
methyl-l-butene, and 3-methyl-1-butene was obtained, M, B, Turova-Polyak and M, Yu, Lukina (5] studied the 
fsomerization of ethylcyclobutane under the influence of aluminum chloride, and these investigators established 
that this reaction results in the formation of methy!cyclopentane and cyclohexane, More recently, V. N. Ipatleff 
and co-workers [6] studied the behavior of methyle, ethyl- and Ssopropylcyclobutane {a the presence of aluminum 
chloride, and they found thet methylcyclobutane polymesizcs, while ethyle and lsopropylcyclobutanes lsomedizs 
with expansion of the ring to five and six members, 


The work described above does not exhaust the possibilittes with respect to elther the condftfons required 
for Isomerization of the four-membcred ring or the reaction products, and this prompted usto begin a systematic 
investigation in this Meld, 


. 
* ’ 


We decided to Lavestigate the behavfor of hydrocartons of the c;clobutane serfcs In the presence of catalysts 
which cause fsomerizacion of a thrce-membered ring, using conditions which would permit a comparison of the 
stability of three= and foure membered rings, We early encountered an Interesting phenomenon; under conditions 
for chromatographic adsorption on silica gel, alkylcyciobutanes {7], in contrast to alkylcyclopropanes [8], do not 
undergo fsomerization; however, lsopropenyicyclobutane lsomerized under these conditions with expansion of the 
rings to five members [9]. Thus, the behavior of alkylcyclobutanes on silica gel differs sharply from the behaviog 
of alkenylcyclobutane, which proved to be even less stable than alkylcyclopropanes, In connection with this 
observation, the present work was devoted to a study of the behavior of saturated hydrocarbons~ ethyl and ioe 
propylcyclobutane —and unsaturated hydrocarbons of this same serics having the double bond {n different positions 
in the substituent Jsopropenyl = and isopropylidcnecyclobutane, in the presence of catalysts which have, like 
silica gel, an acid nature, 


It was found that aluminosilicate, which completely fsomerizes alkylcyclopropanes at 5° [10], did not 
cause appreciable {somerization of isopropyleyclobutane even at 250°. Kieselguhr, which completely fsomerizes 
alkylcyclopropancs at 150° [10], caused no change {n alkylcyclobutanes at 150°, 200°, 300°, or 400 only at 500 . 
was there obtained a catalyzate which differed sharply in physical constants from the orlginal hydrocarbon, ané 
this could be attributed to the effect of the high tempcrature, Thus, it was shown that alkylcyclobutanes, is 

distinction to alkylcyclopropanes, are quite stable compounds under fsomerization conditions, 














Unsaturated hydrocarbons of the cyclobutane serles behaved completely differently. Thus, lsopropenyle 
cyclubutane completely fsomerized with expansion of the lng to five members in the presence of Kicselguhe 
at 200°, On the basls of the Raman spectrum, the hydrogenated lsomerizate consisted of a mixtureof 1,2-diniethyle 
cyclopentanes with traces of 1,1-dimethylcyclopentane, 


When passed through klelselguhr under these same conditions, sopropylidenecyclobutane gave an lsomerizate 
possessing the same properties and, conscquentty, having the same composition as the fsomerizate obtained with 
lsopropenyleyclobutane, This was confirmed in an experiment with silica gel; a catalyzate having the same 
composition as the catalyzate from fsopropenyleyclobutane (9) was obtained by filtraifon of lsopropylicenccycloe 
butane through silica gel, In this manner it was shown that, regardless of the position of the double bond {a the 
substituent,unsaturated hydrocarbons of the cyclobutane series readily undergo fsomerization yielding the same reaction 
products, and they fsomerize under conditions under which alkylcyclobutanes are not changed, It should be pointed 
out at this time that all of the catalysts Investigated are capable of causing double-bond shifting; therefore, It fs 
possible that fsomerization of the ring is preceded by a double-bond shift, and in both cases ({sopropenyl« and 
isopropylidenecyclobutane) the same unsaturated hydrocarbon reacted, Considering that according to contemporary 
Ideas fsomerization reactions In the presence of acid catalysts proceed by a carbonium fon mechanism (11], the 
conversion of fsopropenylcyclobutane can be represented as follows 


CHs 
X +He 
Py CC =CHs paris Cc 
CHs Hs 


CH, - CHs CHs CH, _- , CHs = CH, 


= | A= | jee 
CH =CH “Nenu, ~~ dus, H;—CH @ : 


-—H? 
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As a result of the addition of a proton from the catalyst to I, carbonium fon IZ fs formed; th!s fs a polar compouné 
R* A”, where A® 1s the anion of the acid catalyst, II then zearrangcs to [II (with expansion of the ring), and thes 
elther stabilization occurs by loss of a proton with the formation of IV, or migration of a methyl group I XY 
first occurs with subsequent stabilization by loss of a proton with the formation cf VL This mechanism explains 
the presence In the fsomerlzation product of isopropenylcyclobutaneofboth 1,1-dimethylcyclopentane and 1,2¢ 
dimethylcyclopentanes, It also becomes clear why saturated hyd :ocarbons of the cyclobutane serles efther undergo 
practically no Lsomerization or else tsonierize wits great difficulty under these conditions, 


EXPERIMENTAw PART 


The hydrocarbons required to carry out the present Investigations were synthesized by a previously described 
method (5,7}, Thetr constants are presented in Table 1, The experiments on fsomcrization In the presence of 
alumincsilicate and Ieselguhe were carried out in the vapor phase, The amount of catalyst in all experiments was 
10 mil (3,0 g), and the space rate was 0,2 hours, The unsaturated catalyzates were hydrogenated Ia the Uquid 
phase; the hydrocarbons were separated, dried, and distilled, 


Study of the ethylcyclobutane behavior in the presence of kleselguhr, Ethylcyclobutane (about 2,5 g in each 
experiment) was pened, over the catalyst at various temperatures, The catalyzates obtained at 200°, 300°, and 407° 
had np 1 4020 and dj’ 0.7268, which are characteristic of unchanged ethylcyclobutane, The catalyzate obtained 
at 500’ had nj 1.3898, dz” 0,6826, instantly decolorized bromine water and had 3 bromine number of 101, 





Study of the behavior of fsopropyleycivbutane in the presence of aluminosttieate, Isopropyleyclobutanes fa 
portions of 2,0-4.0 g , was passed over the catalyst at 200°, 225 , and 250°, In all cases, the catalyzates were only 
slightly different from the orlginal hydrocarbon in index of refraction, 9.3 g of catalyzate from all experiments 











‘TABLS 1 





, : B.p., deg C 
Hydrocarbon at 760 mm 





Ethyleyclobutane 

Isopropylcyclobutane 

Isopropenylcyclobutane 

Isopropyl{denecyclo 
butane 











had nb 1.4086; 43" 0.7390, According to the Raman spectrum, the Catalyzate was unchanged {sopropylcyclobutane 
and contained only traces of 1,2-dimethylcyclopentane ®. 


Isomerization of {sopropenyl= and {sopropylidenecyclobutane on Kleselpuhr. mepregcapnepenreaeny (22,4 
m1) was passed over the catalyst at 200°, The resulting product has a b.p. of 96-1023 nb 1,4406; a 0.7891, 
When the catalyzate was again passed over Sieseigiit, the physical constants did not change, The hydrogenated 
product had ab.p, of 92-97.5° (760 mm), nj) 1.4155; ai 0,7592 Judging from the Raman spectrum, the catae 
lyzate was a mixture of 1,2-dimethylcyclopentanes (with a predominance of the trans form) containing traces of 
1,1-dimethylcyclopentane, Isopropylidenecyclobutane (5.0 g) was passed over Kleselguhr at 200, The zesvlting 
fsomerizate had constants which were close to those of the catalyzate obtained with magna BP 
96-102 (760 mm); np 1.4400; dj’ 0.7888. | 





Isomerization of isopropylidenecyclobutane-over sillea gel under conditions of adsorption chromatographle . 
analysis, Lopropylicenecyclobutane (8.0 g) was filtered through a columa containin ng 130 g of Grades KSM and 
ShSM, (a) 14, silica geL The resulting product distilled. at 100, 0-104, & andhad np 1.4428, The hydrogenated * 
Isomerizate (5 g) had a b.p.of 92,0-97,.5° (760 mm), np 1.4157; 4,” 0.7580, investigation of the Raman spectrums 
of the reaction product showed that {t was a mixture of about 20 % cis-1,2-dimethylcyclopentane, about 70% 
trans-1,2=dimethylcyclopentane, and about 107 of 1,1-cimethylcyclopentane, This same mixture was obtained 
previously in the work with fsopropenylcyclobutane (S}, 
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DIALKYLTHIOBORINIC ACIDS AND CYANODIALKYLBORINES 
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N, D, Zelinskif Institute of Organic Chemistry Academy of Sclences USSR 
(Presented by Acadetnician B, A, Kazanskif, April 3, 1959) 


Esters of dlalkylthfoborinie acids, which may be prepared by the action of sulfur (1) or n-butylmercaptas 
(2) on trlalkylborines, are highly reactive, considerably exceeding in reactivity thelr oxygen analogs, A further | 
study of the properties of these viloesters has shown that they are capable of reacting not only with amines, but 
also with hydrogen sul de and with hydrocyaniec acid, 


When hydrogen sulflde fs passed Into thio esters aoe to 140-18¢, dlalkylthicborinie acids o and a 
mercaptan are obtained; the mercaptan distills as ft {s formed, 


R:BSC,Hyn + HS ("s — S$ — Cn 1] -+ RBSH 4+9-C,H,SH 
SH, (1) 
Ren Lad, ays, &-C,Hi3. 


We used this method to prepare from a-butyl esters of dialkylthfoborinie acids,di-n-prepyle, dl-n-butyl-, 
and dilsoamyithloborine acids, which are the flist representatives of this type of organotoron c2mpound, Ths 
thio acids distill uader vacuum without decompositfon, Nn prolonged heating at 180-250, di-n-butyl thioborinie 
acid decomposes with the formation of hydrogen sulfide, hydrog-n, butene, butane, and sulfur-containing organoe 
boron compounds which have not yet been fnvestigated, 


- neButyi esters of dlalkylthfoborinfc acids react with hydrozyante acid {n the cold or on mild heating with 
the formation of cyanodlalkylborines (III), which are the nitriles of the unknown dialkylborocarboxylic acids, 
When ether solutions of the n-butyl ester of di-n-butylthioborinic acid and HCN are mixed, heat fs liberated, and 
there {s first formed a colorless, gelatinous precipitate, Indicating the formation in the first stage of the reaction 
of complex compound (Il), and this rapfdly uadergocs further conversions 


RLESCHy-t + HEN —+ [R:BSCHy-n-HCN] + RBCN + 0-G4H,SH 
(il) (iy 
Ra n-CyHy, (Gus, 1-CyHie 


Cry oscopic determination of the molecular welghts of these cyanodialkylborines in benzene solution showed 
that they are assoclated to some extent, \ 


Cyanodi-n-butylborine Is a substance which ts stable in alr, which crystallizes from ether as hexahedral 
plates with aa m.p, of 5*58*, and which has a molecular welght four umes that expected of tl:e monomer(hencé» 
((n=C,Hy),BCN], }. Cyanodilsobutylborine is comparatively stable in alr and has a sharp melting point and a molee 


cular weight of 1900 (calculated, 151), Cyanodifsoamylborine was obtained as a thick of] which did not crystallize 
on standing; it exists as the dimer in benzene solution, 


The infrared spectrum had an intense band with a frequency of 2256 cm" _, which has been assigned to the 
nitrile group (3}, 


587 
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Cyanodlalkylborines react with alcohols on heating, the reaction ylelding esters of dialkyithloborinte acids 
and hydrocyanic acids 


R,BCN + R’OH -- RsBOR’ + HCN. 


Crystalline complex compounds (IV), which are unstable In alr, are obtained by the action of amines on cyanodlalkyl- 
borlness 
RECN ++ R/NIfg + RsBCN | 
HR’ 
am 
R = n-CyH,, 1-CyHo, 1-CyHiy 
R’ =0-C,H,, GH 


The amine complex, the infrared spectra of which were obtained witi samples formed by pressing the complex 
with potasslum bromide, have an absorption band at about 2175 cm? . 


These cyanodfalkylborines and thels complexes with amines are the first representatives of complex organte 
compounds of trivalent baron containing a cyano group, ' 


Of the cyano derivatives of negatively tetravalent boron, sodium triphenylcyanoborate, obtained by Wittlg 
and Raff (4) by fustou of triphenylborine with sodlum cyanide, and Uthlum cyanoborohydride, which may be 
synthesized by the action of hydrocyante acid on Lithlum borohydride, are known, : 


EXPERIMENTAL PART 


All operations were carried out In an atmosphere of nitrogen, 


Di-n-propylthfoborinte acid, In a Clalsen Mask fitted with a condenser arranged for distillation was placed 
27 g (0,145 mole) of the n-outyl ester of dl-n-propylthloboric acid [2], the lMquid was heated (bath temperature 
135-140), and hydrogen sulfide was passed through the reaction mixture for 5 hours, n-butyl mercaptan disulling 
during this time, Fractforation of the reaction products in an atmosphere of H,S. gave 13 g (51.67) of dl-a-proe 
pylthfoborine acid b.p, 51-52°/ 25 mm, dj? 0,8093; nfy 1.4423, 


Found%: C 55,50; 55.76; H 11.69; 11.49; B 8.44; 8,48, C,H,58S. Calculated %: C 55,40; H 11,62; 3 8,32. 


Dien-butylthfoborinic acid, Hydrogen sulfide was passed Into the n-butyl ester of di-n-butylthloborinice 
acid{1) (5.8 g, 9,027 mole) for 2 hours at a bath temoerature of 150° and then for 3 hours at 170-180, The 
re2ction mixture was fractionated in an atmosphere of H,S, There was obtained 2,1 g (49.6% of theoretical) of 
di-n-butylthloborinic acid, b.p. 82-33° at 21 mm; dj 0, 8175 5 np 1,4463, 


Found %: C 60.80; 60,72; H 12,05; 12,00; B 6, 935 1,04; M 162,158 . CyHBS. Calculated 4 fo: C 60,76; H 12,113 
B 6,84; M 158.1, 


Dilsoamylthioborinic acid, Crude n-butyl. ester of dilsoamylthloborinic acld prepared by the action of 11,2 
g of n-butyl mercaptan on 27 g of trllsoamylborine (2), was heated on a bath (bath temperature 170-180), and 
hydrogen su’flde was pessed Into the Iquid for 5 hours, the resulting n-butyl mercaptan distilling during the course 
of the reaction. There was obtained 19,1 8 (84. Th) of a acid with a b.p, of 80-81° at 3 mmg 
a2? 0.8179 3 nj 1.4506. 


Found% s C 64,94; 65,10; H 12,38; 12,68; 8 5.94; 6,02, CycHaBS, Calculated%: C 64,51; H 12,45; B 5.81, 


The dialkylthtoborinte aclds were colorless Mqulds with a disagreeable odor; they were soluble in organic 
solvents, and were readily oxidized and hydrolyzed, a 


Cyanodien-butylborine, 4 ml of hydrocyanie acid in 5 ml of ether was added to a solution of 14,9 ml 
(0,07 mole? of the n-butyl ester of di-n-butylthfoborinic acid [1) in 10 ml of absolute ether, Heat was evolved, 
and a white gelatinous precipitate formed; the precipitate rapidly disappeared, and the reaction mixture first 
stratified and then crystallized on standing, The precipitate was washed twice with ether (7=mi portions), and 
dried under vacuum, There was obtained 10,08 g (95.8%) of cyanodl-n=butylborine, m.p, 62,5-63,5° (in a sealed 
— The substance crystall\zed from ether in the form a hexahedral plates, m.p, 57-58° (in a sealed capile 
» 




















Found% ¢ C 71,68; 71.44; H 12,33; 12,17; B7, 0057, 41; M 541, CallyDN, Calculated%s C71.55; H 12,015 
B7.16;M151. 

Cyanodlen-butylborine was a colorless substance with a slight ites of hydrocyanfe actd; It was soluble ia 
benzene, acetone, carbon tetrachloilde, and chloroform, and was insoluble {n cold alcohol, It was stable toward 
atmospheric oxygen (there was almost no change in {ts melting point after {t had stood in an open box for a month), 


The action of n-butyl alcohol on cyanod{-n-butylborine, A mixture of 3,3 g (0,022 mole) of cyanodi-ne 
butylborine and 3 ml (0,033 mole) of n-butyl alcohol was heated for 0,5 hour at 120° (until boiling of the mixture 
ceased), hydrocyanic acid distilling during the course of the heating, 0,58 g (98.3% of theoretical) of HCN was 
envolved, The residue was fractionated under vacuum, 3,07 g (77.5 % of theoretical) of the n-butyl ester of 
di-n-butylborinic acid was obtained; b,p; 106,5-107°/ 15 mm, ni 1,4230 (Uterature values b.p, 120-121°/ 24 mm 


(5]) 





Cyanodifsobutylborine. 5 ml of hydrocyante acid {n 10 ml of ether was adced to a solution of 12,8 mi (0,057 
mole) of the n-butyl ester of difsobutylthioborinic acid (2) {n 100 ml of ether. After the removal under vacuum 
of the ether and the nebutyl mercaptan resulting from the reaction, there remained a thick, colorless, glassy 
substance, which hardened on standing for a month, The compound was a polymer of cyanodifsobutytborines ig 
softened at 65°, and melted completely at 145° (in a sealed capillary), 

Found%; C 71,73; 71,49;H 12,03; 11,94; B 7,08; 6.81; M 1902, CollsBN. Calculated%: C 71.55; H 12,01 
B 7,11; M151, 

The cyanodilsobutylborine polymer was stable in alr, had a slight odor of hydrocyantfe acid, and was rp 
soluble in benzene and ether (at room temperature), 





Cyanodifsoamylborine, A solution of 12,1 § (9.05 mole) of the n-butyl ester of ditsoamylthtobortnte acid 
{2} and 6 ml of hydrocyanic acid {n 35 ml of absolute ether was heated at the bolling pofnt for 15 minutes, After 
evapora‘ion under vacuum of the excess hydrocyante acid, the ether, and the n-butyl mercaptan formed fn the 
reaction, 8.9 g (99.57) of crude cyanodlisoamylborine was obtained; the material did not crystallize, elthes from 
solvents cr on standing for a month, The crude reaction product was analyzed, 

Found q : C 71.08; 71.06; H 12,58; 12,50; B 6,29; 6.51; M 358, 360. CyHBN. Calculated $s C 72.768 
H 12,38; B 6.04; M 179.2, 

The cyanodiisoamyiborine was a thick ofl which had a slight odor of hydiocyanfe acid; {t was soluble is 
organic solvents, ° 


Complex of cyanodilsobutylberine with aniline. A mixture of 6,43 ¢ (0,043 mole) of cyanodifsobutylborine 

and 6.5 ml (0,07 mole) of anfline fa 30 ml of absolute ether was heated to boiling, The resulting precipitate was 

washedwith ether, 7,05 g (67.8%) of a complex of cyanodifsobutylborine with aniline was obtained; m.p, 101¢ 
102 (in a sealed capillary), After recry stallization fiom cther, the substancehad an m.p, of 96-97" (In a sealed 
capillary) ° 

Found % : C 73,42; 73.42; H 10.51; 10.33; B 4,62; 4,65; M 252, 249, C,sH,-8N3. Calculated %3 C 73,77 
H 10,32; B 4.43; M 244, 

Complex of cyanodiisobuty!borine with n=butylamine, A solution of 2,07g (0,014 mole) of cyanodif<obutyle 
borine and 1.9 ml of n=butylamine in 30 ml of absolute cther was heated at the boiling point for 30 minutes; the 
solvent was then evaporated under vacuum unul half of the orlginal volume remained, and the resulting precipitate 
was filtered and washed with ether, 2,88 g (93.8%) of the n-butylamine complex with cyanodilsobutylborine was 
obtained in the form of colorless needles with an m.p, of 117-117,5° (in a sealed capillary). 

Found % ; C 69,53; 69,73; H 12,87; 13.03; B 4.83; 4.75, C;,;HBN, Calculated %: C 69,64; H 13,04 3 B 4.83. 











Complex of cyanodifsoamylborine with aniline, In a manner analogous to that described above, from 8,64 g . 
(0,018 mole) of cyanodilsoamylborine and 4,9 m1 (0,054 mole) of aniline in 15 ml of absolute ether was obtained 
6.44 g (50.4%) of the complex of cyanodilsoamylborine with aniline; m.p, 110-112, Two recrystallizations from 
ether gave 2,25 g of the complex with an m.p, of 115-115,S° (in sealed capillary), 

Found e; C 74.98; 74,96; H 10,83; 10,75; B 4,08; 4,12; M 278, 286, Cy;H»BN2 Calculated %3 C 75,00, 

H 10,74; B 3.97; M 272.2 

Complex of cyanodi-n=butylborine with aniline, 1,9 ml (0,021 mole) of aniline in 2 ml of absolute ether 
was added to a solution of 2,58 g (0,017 mole) of cyanodi-n-butylborine in 15 ml of absolute ether, The resulting 
white precipitate was washed twice with ether (3~4-ml portions) and dried under vacuum, 2,35 g (61% of theoe 
retical) of the complex of cyanodi-n-butylborine with aniline was obtained; mp, 110-1110". After two ree 
recrystallizations from absolute ether, the substance had an m.p, of 111-112° (in a sealed capillary), 
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Found % s C 73,90; 13,52; H 10,345 10,375 B 4.32; 4,80; M 213, CysH1,50Ny. Calculated % s C 73,77 5 H 10,32, 
B 4,43; M 244, 

All of the amine complexes of cyanod{falkylborincs are denis crystalline substances, soluble In acetone, 
sparingly soluble In benzene and ether, and insoluble In carbon tetrachloride, The aniline complexes oxidize 
readily In alr, and thelr benzene solutions. darken on standing, ; 
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At least three types of reactions of 1,1,1-trichloropropene are known [1]: clectrophilfe addition, for example, 
of hypobromous acid, which proceeds contrary to Markownikoff"s rule; nucleophilic addition, which proceeds with 
allylic rearrangement; and radical addition, which proceeds with rearrangement of intezmediate radicals of type 
*A® to radicals of type °B°s 


CCiy «is jis —CH,;X-- 00,— CHA —CH,X 
‘ B j 


In the present work, the addition of thiophenol and benzyl me vaptan to 2,2,2~ cichlas’y:. 
tigated, When the reaction of 1,1,1-trichloropropene with thicprea-i was caring out unde Wu? |: 
{incandescent lamp £100 watts), 2,3,3-trichloropropyl phenyl suffid> we: ol treé acosading* %* 


CCl —CH = CH, + GH,SH C233, --£ PACER 


The structure of this sulfide was proved by altermate synthe. co @ ff. ce, 3 totstich®- 
sodium thiophenolate, In addition, the presence of halogen atoms os Geigueczisig cathon atone tt 
by partlal dechlorination of sulfide (1) with the formation of a mixture of the cls and trans fsomeis @ 
propen=2-yl phenyl sulfide [3-chloroallyf phenyl sulfide); the trans Lome: was fsolated and {dentifled wath a sample 
of 3-chloropropen-2-yl phenyl sulfide prepared by a known method [2}. Thus, under these conditions, the reaction 
proceeds by a homolytic mechanism, When the reaction with benzy! mcrcaptan was carried out under analogous 
conditions, two products were formed— 2,3,3-trichloropropyl benzyl sulfide (I) and 3 ee benzyl 
sulfide (D1) (3,3-dichloroallyl benzyl sulfide)— with a predominance of the latter, 


Pera 


The structures of sulfides (11) and (Il) were proved by alternate synthes!s from the cosresponding fags halides 
and sodium benzyl mercaptide, 


Moreover, it was established that hydrogen chloride was evolved during the reaction {n an amount unatil 
to the ammount of sulfide (II) obtained, The formation of these products can be explained by the following schemes 


CCl) —CH = CH + §C11,C.H,—» CCl, — CH — CH,SCH:GH, 
(IV) : 
ry Bomerization Cl, — CHCICH,SCH;C,H ‘y : 


(Vv) 
HCCI, — CHCICH;SCH,C,H, + SCH;CoH 
V + HSCH,C,H, qu) 


Cis == CH — CH;SCHiCyHy + HCI + SCHiColy 
(ul) 
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It {3 less probable that sulfide (LM) was formed by nucleophilic addiilon, 


When the rcactlon of 1,1,1-trichloropropene with thlophenol was carrled out in the presence of sulfur as an 
inhibitor of radical processes, 3,3,3-trichloropropyl phenyl sulfide was obtained; the structure of this compound 
was proved by a study of the Lr, spectrum, which had no frequencies characteristic of a methyl group. 


EXPERIMENTAL PART 


3. Interaction of 1,1,1-trichloropropcne with thionhcnol, a) A mixture of 29 g (0,2 mole) 1,1,1-trichloroe 
propene and 11 g(0,1 mole) of thlophcnol was agitated for 4 nours under Irradlatfon from an incandescent lamp 
(100 watts, temperature inside the flask 80-90), After distillation of the starting materfals, fractionation gave 
8.7 g (34.5% of theoretical) of 2,3,3-trlchloropcopyl phenyl sulfide, which, after a second distillation, had an m.p, 
of 119° at 2 mm; nj} 1.5903; a 1.3515. 


Found %: C 43,29; 43.41; H 3,45; 3.37. CyH,Cl,S . Calculated $s C 42,273 H 3,52. 


4.5 g of the sulflde was oxidized by heating with hydrogen peroxide In glaclal acetic acid, There: was obe 


tained 4 g (807 of theoretical) of 2,3,3-trichloropropyl phenyl sulfone, m.p. 6%-62 (from alcohol). 
Found %o:C 37.443 37.57; H 3.14; 3.14; Cl 37.15; 37.01; § 11.08; 11.29. C.H,Cl,SO, Calculated %: C 37.663 


H 3.13; Cl 37.04; $ 11.13. 
A mixture of this sulfone with 2,3,3-trichloropropyl phenyl sulfone prepared by a known method (Experle 
roent 4) showed no depression of the melting point, ‘., 





b) A mixture of 43 g (0,3 mole) of 1,1,1-trichloropropene, 29 g (0,27 mole) of thlophenol, and 2 g of ele 
mental sulfur was heated at 115° for S hours, Distillation of the starting matertals followed by dist!llation of the 
product gave 19 g (35.4% of agi - 3,3,3-trichloropropyl phenyl sulfide , which, after a second distillation, 
had a b.p. of 119 at 2 mm; n 1.5838; d* 1.3650, 


Found J: C 42,€8; 42,76; H 3.55; 3,51. C,H,C1,S. Calculated Ws C 42.21; H3.5% 
Oxidation of the sulfide gave 3,3,3-trichloropropyl phenyl sulfone, mp. 104°10S° (from alcohol), 


Found%: © 317,54; 37.73; H 3,215 3,17; Cl 36,62; 36,65; $ 11,15; 11,02, C,H,C1,SO;, Calculated 4 C 37.565 
H 3.13; C1 37,04; $ 11,13. 


2. Interaction of 2,3,3-trichloropropyl phenyl sulfide with zinc, A solution of 9,7 g of 2,3,3-trichioropropyl 
phenyl sulfide fn methanol was heated with 3 g of zinc dust for 14 hours, After dilution with water, the reaction 
mixture was extracted with ether. The ether was distilled, and the residue was distilled under Vacuum. There 
was obtained 3.5 g of 3-chloropropen-2-yl phenyl sulfide with a b.p, 79-80 at 1 mm, nf 1,5910; a 1,1723, 

MR fcund, 52,87, MR calculated, 52,63,¢ 


Found %: C 58,29; 58.37; H 5.00; 4.92; Cl 19,30; 19.17, C,H;CIS. Calculated %: C 58,53; H 4,87; Cl 19,24, 


Cxidation of 3.3 gof the sulfide gave 2,5 g of an olly mixture of sulfides, from which we were able to Lsolate 

1,3 3 of crystalline trans-3-chloropropen=2-yl phenyl sulfone with an m.p, of 67° (from alcohol), A mixture with 
trans-3-chioroprepen-Z-yl pheayl sulfone prepared by a known method (Experiment 4) showed no depression of 
the meJting pofat, 

3. Interaction of 1,1,1-trichloropropene with benzyl mercaptan, A mixture of 43,4 g (0,3 mole) of 1,1,%¢ 
trichloropropene and 24.8 g (0,2 mole) of benzylmercaptan was irradiated with an incandescent Jamp (100watts) 
for 9 hours at a temperature of 110-115°, After distillation of the starting materials, the residue was fracdonated, 
and the following fractions were collected ‘ 


1, B,p, 98-103 at 1 mm; 18,2 g, 
2 Bp. 120-137 at 1 mm; 5,8 g, 


A second distillation of the first fraction gave 3,3-dichloropropen=2-yl benzyl a bop. 90,5-91° af 
05 mm, nb 1,58453 a 1,2551 , MR found, 62,173 MR calculated, 62,12, 


Found %s C 50,86; 50,73; H 4,20; 4,23, CHj,Cl,S « Calculated 43 C 51,50; H 4,29, 


Oxidation of 1,2 g of this sulfide gave 1,2 g (88% of theoretical) of the sulfone, m.p, 93-94° (from alcohol), 
A mixture with 3,3=dichoropropen=2-yl benzyl prepared by a known method (Experiment 4) showed no depressiog 
of the melting point, F 
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A second distiifation of the second fraction gave 2,3,3-trichloropropyl benzyl sulfide with 4 _ of 114@ 
115° at 0.5 mm, nj 1,5793, a? 1.3244, MR found. 67,65; MR calculated, 67,45, — 


Found % 3 C 44,74, 44 66; H 4,12; 4, 14; Cl 39.165 38, 94 CygHyCl,S. Calculated %: C 44,52; H 4,083 
Cl 39,52, ; . 


Oxidation of 1.5 § g of the sulfide gave 1.5 g (89% of theoretical) of the sities with an m.pe of 100-101° 
(from alcohol), 


Found%3 C 39, bi 39,63; a 3.613 3.62; Cl 35.54; 35.30 CygH,Cl,SO,. Calculated % C 39.80; H 3.64 5 
Cl 35.32, 


A taixture with 2,3 ,S-teichloropropy! benzyl sulfone prepared by a known method (Experiment 4) showed pe 
depression of the melting point, “ : 


In a special experiment in which 0,15 mole of benzyl mercaptan was used, 0,035 mole of hydrogen chioride 
was obtained, which corresponds approximately with the amount of 3,3-dich!cropropen=2-yl benzyl sulfide (10,5 g% 


4. Interaction of sodium phenyl and benzyl mercaptides with CCl, = CH —CH,Cl, CHCl = CH CH,Ct, 
CHCl, — CHCI—CH,Br. a) Ata reaction temperature of 50-60, from 19 g (0.084 mole) of 1-bromo-2,3,3-trichloroe 
propane and sodium thiophenolate (from 10 g of thiopheaol and 1,93 g of sodium) {n a medium of glacial acetle 
acid was obtained 11.9 g (55.6% of theoretical ) of 2,3,3-trichloropropyl phenyl sulfide with a b.p. of 131° at 3 mm, 
nf 1.5885, dj° 1.3574, Oxidation of 3 g of the sulfide gave 2,7 g (79.9% of theoretical) of 2,2,3-trichloropropy’ 
pheny! sulfone, m.p. 61-62 (from alcohol) 








Similarly were prepared 


b) From trans-1,3-dichloropropene and ene trans=3-chloropropen=2-y! phenyl sulfide (48.2% of © 
theoretical), b.p. 6¥ at 0.5 mm, nb 1,5922, dj* 1.1706, M.p, of sulfone, 68.5° (from alcohol}, 


Found Jz C 50,03;50,10;H 4,11; 4,18; Cl 16.07; 16.28 C,1,C10,;S, Calculated %: C 49,88; H 4,15; Ci 16,40, 


c) From 1-bromo-2,2,3-trichloropropane and C,H;CH,SNa —2,3,3-trichloropropyl benzyl sulfide, Bp. 123- 
124° at 1 mm; m.p, of sulfone, 100° (from alcohol), 


d) Prom 1,1 <3-tsbehilovo-t-propene and C,H;CH,SNa ~ 3,3~dichloropropen=2-yl benzyl sulfide, bp. 98-97 
at 1 mm, ny 1,5845 , dj? 1.2580, 


Found %: C 51,98; 51,88; H 4,09;4,.17 C,sHy,C1,S. Calculated %; C 51,50; H 4,29, 

M.p. of sulfone, 93.5-94.S° (from alcohol}, ‘ 

Found %: C 48,17; 45,18; H 3.52; 3.62; Cl 26,41; 26,62 Cy,H,,Cl,S0, Calculated os C 45,28; H 3.778 
Ci 26,80. 4, 
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THE EXTRACTION OF NITRIC ACID WITH DERIVATIVES 
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The present communication reports a part of the work in which the properties of a number of butylphosphorus 
compounds as extractants have been studied; these compounds include tributyl phosphate (T5?)(C,H,O),PO; the 
dibutyl ester of butylphosphonic acid (DEEP) (CsHsO),C,H,PO 5 the butyl ester of dibutylphosphinic acid _— 
(C,HjO) (CyHy),PO ; and tributylphosphine oxide (TBPO) (C,H )sPO, 


The work of LL, Berger{1} showed that derivatives of butylphosphinic acids are more effective than TBP as 
extractants for such important elements as uranium and plutonium, 


In view of the fact that the extraction of uranium and plutonium fs usually carried out {a altric acid solutions 
of these elements, It is necessary to study the distribution of nitric acid between aqueous solutions and the Indicated 
organic solvents, The literature contains data on the behavior of nitric acid during extractions with TBP (the frst 
member of the series studied (2-4]), Infozmatfon on the extraction of nitric acid by other representatlves of this 
serles was not found, The latter circumstance served as an incentive to investigate the extraction of altrie acid by 
esters cf butylphosphinic acids and by TBPO, 


The dependence of the distribution of nitric acid on the concentration of the extractant and on the presences 
of uranyl nitrate in the solution was studicd in the present work, The expeziments were carried out in separatory 
funnels at a volume ratio of aqueous to organic phase of 1:1, Satursted high-boiling hydrocarbons (SHH) and carbor 
tetrachloride were used as diluents’ for the extractants, All of the extractants used were subjected to a preliminary 
purification, The concentration of nitric acid in the equilibrium phases was determined by direct titration with 
0,1 N alkali, and in the presence of uranyl nitrate, it was determined by potentlometsle utration, Titration of 
the organic phase was carried out in aqucous alcohol solution, The indicator was Methyl sed, The initial concene 
tration of nitric acid was constant and equal to 1 N in all experiments, The concentration of uranyl nitrate in the 
aqueous solution was 30 g/Litez, 


According to the data of Table 1, which presents the results of the experiments, the extraction of nttrte acid 


increased significantly with an increase in the concentration of the extractants in SHH, ; 
On going through the serfes from TBP to TBPO, the extraction of nitric acid Increased sharply (see Figure 1), 
Thus, fur example, a comparison of the extraction of nitric acid by 10% solutions of TBP and BEDP in SHH and of 


10% TBPO in CCl shows that TBP extracted 3%, BEDP 19%, and TBPO 307 of the acid, 


During the extraction of nitric acid with BEDP, an anomalous decrease in the extraction of acid as compared 
to extraction with otherextractantsof this serics was noted when the concentration of BEDP In the diluent was 
increased above ~50 % (see Figure 1 and Table 1), 


A second organic phase separated during the extraction of nitric acid with a 5% solution of TEPO in SHH®g 


Oa eer 
° Solubility limit of TBPO in SHH Is ~S%, 
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TABLE 1 





Conc,of oat Normality of] Pee cent 
Extractantin] of HN mn |HNO, In 
Extractant diluent, vol, organle’ aqueous extraction 


%e phase — 


ss 





TPO In CC 


TBPO in SHH 
SHH 














* The normality of HNO, in the aqucous phase was calculated as the dife 
ference betwecn the initial HNO, conceatration and the concentration {a 
the organic phase, ty 
by analogy to the compound previously established for TBP, 
this phase was apparently a compound of TBPO with HNO; . 
Confirmation of this {s the fact that in the second organie 
phase, which comprised 1/ 20 of the orlginal volume of exe 
tractant solution, the molar concentratica of nitrle acid was 
25 umes that in the orfginal aqueous solution, Therefore , 
extraction of HNO, Into the first organic phase was 2.6%, and. 
extraction Into the second phase was 8% Moreover, when 8 
fresh portion of undiluted TB?O was added to the total organle 
E ea portion, there was an ‘ncrease In the volume of the second 
60 & 100 organic phase owing to combination of TE?O with nitric acid. 
Concentration of extractant, “= After the second organic phase had been dried for S hours fa 
vol. % a vacuum desiccator, {ts density was 0,978 g/cc. Formation 
Fig. 1 of a second organic phase was not detected when CCl, was 
used as the diluent, apparently owing to the highcr solubilty 
of the HNO, solvate In CCl, a3 compared to that Ia SHH® . 
In the case of CCl, extraction of nitric acid Into tne organic phase was 15% for 5% T5PO and 28% for 10% TBPO, 
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Table 2 presents the results of experiments on the extraction of nitric acid by the solvents Investigated witS 
uranyl! nitrate present in the aqueous solution (30 g/ Iter) With extractant concentrations of from 0 to ~50, there 
was a regular decrease in extraction of acid In the series from TBP to TBPO, which was probably due to the incre 
in the extraction of uranyl nitrate and, consequently, to displacement of the nitric acid from the organic phase 
into the aqueous phase, This effect was greater the more effective the extractant for the extraction of uranyl 
nitrate {1}, It may be seen from the data of Table 2 that extraction of nitric acld by BEDP at concentrations ia 
SHH of above ~50% was anomalous as compared to the other extractants, both in the presence and In the absence 
of uranyl nitrate (see Table 1), ; 


Consequently, in contrast to the effect with other extractants, Beginning with ~50 % BEDP the effect of the 
presence of urany! altrate on the extraction of nitric acid decreased and became so insignificant that it had almost 
no effect on the amouni of acid extracted, ee oe ot ee 
* Solt Solubility Umit of TBPO in CCk fs ~10%, 
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TABLE 2 





ppg Ba eg Normallty of |Normalityof: | Per cent 
Extractant | vol.%(SHH) HNO; In HNO, {fn extraction 


organic phase | aqueous phase 





TEP 
DEBP 





TEPO 











* Initfal concentration In the aqueous phase was 1 N with respect to HNO, g 
in all remaining experiments, it was 0.97 Ne 


All of our data Indicate that the extraction of nitric acid by the extractants studfed Increases In the sesles | 
TBP < DEBP < BEDP < TBPO ; morcover, It {s possible to separate a compound of the acid with TBPO, 


The anomalous behavior of BEDP with se spect to HNOg, both {n the presence and in the absence of uranyl 
nitrate, fs sill unexplained, : 
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CERTAIN CHEMICAL PROPERTIES OF PHENYLTITANIUM 
TRIISOPROPYLATE AND ITS CATALYTIC ACTIVITY 
DURING THE POLYMERIZATION OF OLEFINS 


Corresponding Membder AN SSSR G. A. Razuvaev, 
L. M. Bobinova,and V. S. Erlis 


In the investigation of the mechanism of the polymerization of olefins with Ziegler catalysts the work of 
Natta and co-workers (1,2) on the catalytic activity of dicyciopentadicnyldiphenyltitanium for ethylene polye 
merization is of great interest, These authors showed that this compound by Itself docs not cause poiymerization 
of ethylene, but with the addition of a trialkylaiuminum or titanium tetrachloride a catalyst Ss obtained which 
polymerizes ethylene with the formation of solid polymer, But (Cgtis)Ti(CcHs)3 differs basically in structure 
from the usual organomctellic compounds with covalent Me C bonds, 


A method for the synthesis of a purely covalent organotitanium compound= phenyltitanium Iseprepytate 
has becn described in the terature (3,4). This compound {s an initlator of the polymerization of styrene to solid 
polymer, which the authors explain by the ease with which {t decomposes with the formation of phenyl radicals, 
However, cherical reactions pecullar to organometallic compounds have received ilttle study in the case of phenyle 
Utanium wilsopropylate, Therefore, we considered it of interest to cnvestigate certata chemical properttes of this 
compound and its catalytic activity in the polymerization of unsaturated compounds, dcth by itself and with the 
addition of AlR; or TiCly, f.e., with the same promoters which have been used with (C;H;),TUCHs). wWhea 
CcHsTi(i-OC3Hy) (1.16 g), which wes prepared by a method described fn the Mtcrature, was reacted with HgClg 
(1,20 g).in tenzene solution at a tempcrature of 65-63° and a reaction time of 5 hours, phenylmercury chloride 
was obtained (yield, 0.5 g; m.p, 249-250"; Iterature tn.p, 250,5°) evidentiy as a consequence of a heterolytis 
exchaige between the reactants, a rcactlon which {s characteristic of organometallic compounds, It is knowa (5) 
that certain truc organomctallic compounds form organorercury compounds when acted upon by metallfe mercury, 
No organic mercury ecmpound was obtained when a soluzion of phenyltitan{um trilsopropylate in benzene was 
heated with mercury for 20 hours at a temperature of 90-100, A more detailed investigation of this reaction was 
not camied out, 


The phenyltltanium trlisopropylate synthesized by us did {nftlate polymerization of styrene, but only traces 
of liquid polymer were fcund in the case of propylene, A nymber of other monomers = vinyl chloride, methyl 
methacrylate, butyl methacrylate, acrylonitrile = did act polymerize in the presence ef phenyltutanium trifsopro © 
pylate. It was established that the system Al(CzHs)y = CglisTi(i~OC3Hy), canscs polymerization of propylene at a 
temperature of 90-100 with the formation of liquid polymer, but the yield of polymer did not exceed 30-35%. 
With the addition of titanium tetrachloride to phenyltitanium trilsopropylate, a catalyst was obtained which brought 
about more intense polymerization 0” propylene at a temperature of 90-197 with the formation of liquid polymez 
having a molecular weight of 144-545, The yicld of polymer dependsto a considerzble extent on the molar ratio 
of the catalyst components (Figure 1), As may be scen from Figure 1, ct a molar ratio of TiClg to C,HgT1(1-OC,Hy)y 
in the range of 1 to 1,5 the yield of polymer was low, while at a ratio of from 2 to 4 propylene conversion was 
9€=98 $e. 


In Figure 2 {s shown the effect of the amount of catalyst on polymer yleld, The propylene used fn the 
polymerization studies was obtained by dchydration of isopropyl alcohol, and was carcfully purified, All of the 
other monomers (“chemically pure® grade) were distilled before use, Polymerization was carried out in molybdee 
hum glass ampoules having a volume of about 10 ml, The catalyst and monomer were charged to the ampoutes ia 
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Fig. 1. The effect of the mole 
tatlo of TIC, to CgHsT ( 1-OC, Hy), 
on polymer yield at t=90-107 and 
a reaction time of 5 hours. 
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Fig. 2, Dependence of polymer 
yield on amount of catalyst at t= 
90-100 and a reaction Ume of § 
hours, Molar ratlo of TIC to 
C,H;TI(1-OC,Hy), # 2,5. 
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an atmosphere of nitrogen, The charged ampoules were placed In'an 
electric furnace Installed on a shaker, and there they were heated for 
4-5 hours, 


In order to determine the mechantsm of the action of the cate 
alytie system C,H,T1(1-OC,Hz)s~TiCk, during polymerization, the 
interaction of these compounds was investigated at a molar ratlo of 
TICk, to CcH;T1(1-OC,H;z)3 of about 2.5 in an organic solvent (hexane 
and benzene) at room temperature, To a solution of phenyltltanium 
trlisopropylate (3,76 g) in dry hexane (50 ml) was added, with continuous 
stirring and over a period of 40 minutes, a solution of TICl, (6,0 g) in 
hexane (20 ml), after which the reaction mixture was stirred for an 
additional 2 hours, The following compounds were fsolated from the 
reaction mixture and Identificd: tiphenyl (0,90 g, 93.5 % yleld calcue 
lated on the content of phenyl groups In the starting material), m.p. 
69-710" (recrystallized from petroleum ether), Mterature m.p, 70,S° 
A mixture with a sample of pure biphenyl melted without depression 
of the melting point, There was also a titanium compound corresponding 
in composition to trilsopropoxytitaalum chloride, 


Found %: Cl 49,30; Ti 22,55; 1-C,H,0 27,05 1-C,H,OTiCl,. 
Calculated %; Cl 49.90; T1 22,45; 1-C,HO 27.65. 


A compound containing tetravalent titanium (1.46 g) was also 
found, Found, %: Tiror, 26.40; Ti? 13,85; Cl 42,93; 1-C,H,O 31,70, 
The same compounds were found when the reaction was carrled out fa 
benzene solution, 


The formation of of; ncnyl could de the result elther of the direct 
{nteraction of monophenyl titanium derivatives or of the Interaction 
of free phenyl radicals resulting from the decomposition of phonyltitarnium 
trilsopropylate, It is also possible that the {ateractions of the compounds 
indicated above form polyphenyl derivatives of titanium, which, as fs. 
well known [6], are extremely unstoble and rapidly decompose, Dee 
compositioa of these compounds could proceed with the formation of 
biphenyl. In order to clarify a possible scheme for the Interaction of 
C,HsTi(i-OC,H), with TIC, the reaction between these compounds 


‘ was cartled out In solution {n labeled benzene with an Initial activity of 1100 imp /min? At the conclusion of 
the reaction, the biphenyl was separated from the reaction mixture by steam distillation, After a twoestage steam 
distillstion, the diphenyl had pracilcally no acivity (only 5-10 imp / minute was detected), (The compounds 
were converted to CO, and the sctivity of the CO; was determined with an internal gas-flow meter by the method 
developed at the Chair of Radiochemistry at Lobachevskif Gorkl State University), The results ssid that there 
were no free phenyl radicals present In the reaction misture, 


On the basis of the experimental data, the following scheme may be proposed for the interaction of the 


above compoundss 


GH, TI (1 -OC,H))}5 4 2TICl, CH; Th 


Cl, ; 
4 -+- 21C,H,OTICl, 
; OCH; 
3J3 (CoHy)s + 1-C3H,OTICI, 


. When heated to a temperature of 45-50, the compound corresponding in composition to tllsopropoxytitanium 
chloride readily decomposed with the formation of utanium oxychloride, which is an active catalyst for the polye 


® The reaction In labeled benzene was carried out by V. A. Dodonov, 
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merization of propylene to Mquid polymer; this {s charactere 
. Astle of trichloroalkoxy derivatives of titantum with secondary, 

and tertlary organic groups(7], The compound containing 

trivalent titanium was found to be-practically Inactive for 

the polymerization of propylene, - 


On the basis of the present investigation, it fs possible 
to conclude that {a polymesizations with the catalyst system 
} TICh-C.HsT1(i-OC,H;), te actual catalyst fs titanium oxye 
Spans x SSSRSes ee chloride, which fs formed as a result of a seslesofreactions =, 
ee ee preceding the polymerization process, while phenyl radicals 
ee 7 aa all cc 1 do not take any part in the polymerization process, This 
he Pe & 6 “conclusion {s also confirmed by the absence of phenyl groups 
prepared in the presence of C.ligT1(1-OC,Hy)— a the sibiinie ashanti ence of the GI TH!-OG, Hy)" 
TICK catalysts polymer o os ¢ ¢ pres 
TICY, catalyst (determined by means of the Lr, spectrum of the 
, polymer, Figure 3), 
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THE NIOBIUM ANALOG OF PHOSPHONITRILE CHLORIDB 


Acsdemician I, V. Tananaev, G. B. Seifer, 
and E. A. lonovs ; ° 


N. S. Kumakov Institute of General and Inorganic Chemistry | 
Academy of Sclences USSR 


As 1s well known, for some time past, interest in high polymers of {norganfe origin has been sharply increasing, 
In this connection, certain long-knows tnorganle compounds known to be polymeric, which had not previously 
attracted the attention of investigators, have now been subjected to close study. In particular, and , perhaps 
especially, this relates to phosphonitrile chiorides, 


It seemed to be of interest to Inquire Into the possible existence of derivatives of this same type of elements 
which are analogs of phosphors, We were unable to find any data on such compounds {n the Mterature, 


In contrast to phosphosus, bonds with nitrogen are not very characteristic of elements of the arsenfe subgroup, 
which may be due to thelr different(as compared to phesphorus electronic configuratiou in thels higher valeace 
states (the presence of efghteen electrons {n the outer shell), On the other hand, +. elements of the vanadiuns 
subgroup are analogous to phosphorus in thelr higher valence states with regard to the structure of the outer electros 
shells, and they form stable nluldes, Cf these elements, the most sultable for seti{ng up the initial Investigation 
is nlobfum, the higher chlorides of which (unlike those of vanadfum) can be directly used fn an en process 
which {s analogous to the preparation of phosphonitsfte chlorides, 


There are a number of papers (1-6 {n the Lterature re'ating to the preparation of phosphonitrile chlorides 
by the reactions 


n PChy a NH CI = (FNCI,), -+ $a NCL 


From our point of view, the most satisfactory method fur the preparation of a nfoblum analo,, of phosphonitrile 
chlorides appeared to be one which would permit observation of the progress of the reaction by means of the sate 
of liberation of hydrogen chloride (4}, 


Reaction in the inital mixture of nloblum pentachicride with a large excess of ammontuin chloride became 
appreciable (accerding to the Libezation of HCl) even under ordinary conditions, but the reactfon became complete 
only at higher tempesatures (250-260) Upon completion of the process, the excess unreacted NH,Cl and NbCig 
was removed by heating to 325° under reduced pressuze, The resulting final product was a finely crystalline, 
yellowish-brown powder which was stable in air but which was slowly hydrolyzed by water. This substance was not 
appreciably soluble In benzene, toluene, dichlorocthane, carbon sulfide, carbon tetrachloride, or ethyl ether, 


A complete analysis of this compound was carried out after it had been decomposed fn hydrofluoric acid 
(~20%), The niobium content of the samples was determined by the tannin method, chlorine was determined by 
precipitation with silver nitrate, and nitrogen was determined by distillation of the ammonia into standard acié, 
Averages of four determinations, which differed little among themselves, gave atomic ratios of Nb; N;Cl = 121,07 
210, which are very close to the theoretical ratios for NbNCI,, Detezmination of the density of the compound 
at 20° in toluene gave a value of 2,054 0,05, 


On the thermogram obtained during the decomposition of the NbNC1, fn an atmosphere of argon there was 
observed a single endothermic effect which lay In the tempcrature sange of 420-460 and which corresponded to 
thermal decomposition according to the schemes 
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NDNCIy -+ NDN +} Cly. 


That the decomposition occurred according to this reaction was conflrmed by a complete analysis of the 
solid residue and a qualltatlve analysts of the gaseous reaction products, 


The results of an x-ray investigation Indicated that thls compound was 3 single compound (difference between 
the IntensIty curve of NDNCI, and those of NbClg, NH,Cl, and NbN), ; 


A microscopic Investigatton of the compound showed that It {s anlsotropie, An attempt to determine {ts 
refractive Index was unsuccessful, since it was so high that even the use of an immersion liquid with a refractive 
index of 1,986 was insuffictent, : 


The data presented above show that our orlginal assumption of the possibility of the existence of a nioblum 
derlvative analogous In composition to phosphonitrile chlorids has been conflrmed, The study of the properties 
of this substance will be continued, 


. - . 
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LITERATURE CITED 
{1} H. N. Stokes, Am, Chem, J. 17, 275 (1895); 18, 629 (1896); 19, 782 (1897), 
(2} Besson and Rosset, C, e, 143, 37 (1906), 
[3] Re Schenck andG, Romer, Ber, 57,1343(19%4), 
(4} R. Steinman, FP, B, Scalrmer, and Z, F, Audrileth, J, Am. Chem, Soc, 64, 2377 (1942), 
(5} RG, Rice, L, W. Daasch, et al., J. Inorg, and Nucl. Chem, 5S, No.3, 1%0 (1958), 
(6) M. Yokoyama and F, Yamada, Res, Repts. Kogakutn, Univ, 5, £2 £3953 Ref, % Chem, 2, 80946(1958}, 


Recelved May 15, 1959 








OLITORIN ~ A NEW CARDIAC GLYCOSIDS 
FROM THE LONG-POD JUTE (CORCHORUS OLITORIUS L.) 


V. T. Chernobal and D. G, Kolesnikow — 
Kharkov Sclentlflc Research Chemical-Pharmaceutical Institute - 
(Presented by Academician A, L Oparin, April 11, 1959) 


The long-pod jute {s a sem{shrub which grows wild in regions with a tropical climate, It is widely cultivated 
in the Soviet Union as a commercial fiber plant{1). Information on the présence in the seeds of certain spertes 
of jute of substances having an effect on the heart began to appear In the Mterature toward the close of the last, 
century and the beginning of the twentiethcentury [2,3]. Over ten cardiac glycosides or aglycons have beea 
separated from the seeds; a part of these were Sdeniificd as strophanthidin by Reichstein and co-workers (4), and _ 
in 1954, M, Frerejacque and M, Durgeat (5} separated from the fermented seeds of C, olitorlus and C, capsularis 
a new cardiac monoglycoside = corchoroside A = the aglycon of which proved to be strophanthidin, Somewhat 
later,the chemical nature of the sugar part of corchoroside A was clarified (5), and its complete structural formule 
was proposed, Recently, N. K. Abubakirov, V. A. Maslennikova,and M, B, Gorovits (7,8} {solated from the seeds 
of the long-pod jute a new cardiac trighycoside -olltorisidce from which was obtained by hydrolysis an aglycoa 
which was shown to be strophanthidin; the nature of the sugar part was not established, 


We too have been occupled with the study of the glycoside composition of long-pod Jute seeds from plants 
of native origin, From the fermented seeds were obtained corchoroside A, Sts aglycon, strophanthidin, and a sugaf, 
bovinose, the properties cf which were identical with those previously described, 


During our study of the glycoside composition of the unfermented seeds, we were able to establish che presence 
of, chiefly, two water-soluble glycosides, which are indicated® by spots 7E® and "D® oa the paper chromatogramg 
there were also found Insignificant amounts of two substances, indicated by spots °C* (corchorosfde A) and “B® 
(strophanthidin),which were evidcntiy formed as a consequence of hydrolysis of the water-soluble glycosides during 
treatment of the extracts (see Figure 1), ; 


In the preparation of the glycosides, the powdcred seeds were extracted with dilute alcohol, and the extract 
was purified with Pb(OH), and cther and then treated with a mixture of chloroform and alcohol (23 1) until the 
aqueous phase gave 2 negative Legal test. The residue obtained aftcr concentration of the alcohol -chlorofornms 
extract was chromatographed on aluminum oxide, Elution was carrled out with chloroform and then with chleroforma 
containing 2-3 % alcohol, From the column separation was obtained a fraction (which gave only the single spot 
"D* on the paper chrematogram) from which was {solated {a the crystalline state a new cardiac monoglycoside 
which we have named “olitorin®, The main physicochemical propesties of olitorin are presented in Table 1, 


In order to determine the chemical structure of olitorin, it was hydrolyzed; an aglycon  olitorigenine 
(Table 1) was obtained from the neutral part of the hydrolyzate, while from the aqueous acid part was obtained 
a crystalline 2-desoxy sugar. The latter compound crystallized readily from acetone-ether solution, It gave 8 
positive Keller Kilian{ reaction, It melted at 98-102 C; Rg = 0,40[ in the system toluene-butanol~water ( is 
9; 2)); (a)5 =~ 16,20 (C = 1,111 In acetone), 


For the sake of comparability of results of the scan thaemaneapiiiis investigation, we have used thesymbols - 
and systems previously used for this purpose 7 other authors 0% . 
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TABLE 1 ; 
Properties of the Major Glycosides and Aglycons of the Long-Pod Jute 





Bxpte Moleculze j 





Oltoriside{7,8) Castls20r¢ =, —4,5° (methanol) 
Corchoroside A Crstli2 | 160--165° | 4-13,41° (methanol) 
Olitorin CrrHyO, | 157~-162° | 418,13° (alcohol) 
Olitorlgenin CystlyOe | 218--125° - 
(=strophanthidol] 
Strophanthidia Ci3H 37206 ae = +44,0° (methanol) 
220-230" | +40,8*( alcohol) 

















2.83 mg of the substance gave 4,99 mg of CO, and 2,07 mg of 
H,0; mol, wt, 143,15. 


Found fos C 48,12; H 8.18 C;!1,,0, Calcuiated $: C 48,63; H 8,17, 


The propertics of the substance, a mixed melting point, and the 
paper chromatography data all Jadicated that our sugar was bovinose, 


In contrastto corchoroside A, the u,v. absorption spectrum of olftoria 
had only a single maximum, at about 220 mp ( log € 4,33), and no 
maximum characteristic of 2 carbonyl group; Le,, olitorin does not have 
an aldehyde group at Cig 


We assumed that olltorigenin must differ from strophanthidin only 
by the presence of an alcohol group at Cyg. In order to conflrm this 
assumption, the aldehyde group of strophanth' Jin (which we had prepared 
earller by hydrolysls of corchoroside A) was reduced by means of NaBH 
Fig. 1. Chlorofoim: formamide to an alcohol group; It was demonstrated that the product was strophan@ 
acetone (133), 17°C; 3 hours 5 thidol, The properties of the latter, a mixed melting point with olltorigenta, 
1) amorphous product (from the and paper chromatography data obtained In varlous solvents all showed 
unfermented seeds); 2) corchoros that the compound was identical with olltorigenin, Having determined 
side Az 3) olltoriside; 4) strophane the chemical nature of the aglycon and sugar parts of olltorin, we pro# 
thidin; 5) olltoring 6) olltorigenin, pose the adjacent structural formula (I), ° 


For purposes of comparison, we also carrled out a paper chromae 
tographic investigation of theglycosides and aglycons,including olftoriside® , 
which we obtained from the seeds of the long-pod Jute, As may be seea 
from the figure, olitorin and olltorigenin differ fiom the glycosides and 
aglycons first Isolated from long-pod jute by other authors, 











SUMMART <8 
1, A wew cardiac mononglycoside, which we have named olltorin, 


was {isolated from the seeds of long-pod jute, It was established that 
olitoria fs a bovinoside of strophanthidol, 


2 The main glycosides of long-pod Jute (which fs cultivated fn the 








® Our thanks are due N, K. Abubaklrov o V. A. Mastennikova,and M, 
B, Gorovits for presenting us with a sample of olltoristde » 








Soviet Unlon) ares olltorlslde, olitorin, and corchoroside Aj the aglycons ares strophanthidia and strophanthidol, 
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THE ADDITION OF ALKYLSULFENYL CHLORIDES 
TO DERIVATIVES OF ACRYLIC ACID 


M. G. Lin*kova, N. D. Patrina,and Academiciaa 
I, L. Knunyants 


Institute of Heteroorganic Compounds Academy of Sclences USSR 


We have previously shown that alkytsulfenyl chloridcs readily add to acrylle acids and their derivatives ia 
conformity with the polarity of the starting materfals with the formation of a~alkylmercapto-8 -chloro -substituted 
acids of the type (1)s Ms 


Nent-cooni —- _¢-coon (R). 


R? 


Therefore, it appeared to be necessary to check the dats presented In a paper by Brintzinger [2} in which the author 
described the products of the addition of alkylsulfenyl chiorides to methyl acrylate as a-chloro-B -alkylmescapto 
derivatives of propionic acié : 


R-S-C) ~ 
_ CH = CHCOOCH, Yaa ae 


SR 


The author assigned this structure to the products In splte of a detailed investigation by him of the reaction of 
sulfenyl chlorides with compounds containing a labile hycrogen atom, such as malonte ester, acetoacetic ester, 
hydrogen sulfide, hydrogen cyanide, ete; the data obtained In this {investigation confirmed the generally accepted 
polarization of sulfeny! chlorides as R= S-» Cl. Kharasch, studying the addition of 2,4-dinitrobenzenesulfenyl 
chloride to olefins, showed that the addition proceeds in accordance with Markownikoff"s rule In conformity with 
the polarization of sulfenyl chlorides, in which the negative charge {s centered on the chlorine atom(3J. Analyziag 
the results of a kinetic study of the addition of sulfenyl chicsides to olefins, the author proposed the following 
reaction mechanism (4)s 


CH,—CH—-CGyHy 
é da 4 


R-S-c) [H,C—CHOH -"* CH= _ 
HiC= CHGH, ———~ [" alls lle 3 —— 


R SR 
cote 
é ; SR OCOCHs 


whence, depending on the reaction conditions, either the preferential formation of one of the three compounds og 
the simultaneous formation of all three {s possible, 


Our further Lavestigations of the addition of sulfenyl chlorides to acrylic acid derivatives again confirmed 
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our previous proposal and controverted the data of Drintzinger. It was found that the addition of ethancsulfenyl 
chloride to acrylic, methacrylle, and dimcthylacrylle acids, to acrylonitrile, to dimethylacryloyl chloride, and / 
to ethyl dimethylacrylate proceeds with the formation of a-alkylinercapto-8 ~chloro derivatives of proplonte aclds 


The ethanesulfenyl chloride added very readily to the ester, more difficultly to the acids and the nitrile, and most 
difficultly to the acid chloride [1]. The corresponding 6 -proplothfolactones were obtained from the acid chiorldes 
of the a~alkylmercapto-8 chloro derivatives of propionic acid and hydrogen sulflde(S}Js 


SG, : 
Ne 7 . 
_ _m8 Ne tise, 


74 da CHO 7h he 


Were the course of the addition of sulfenyl chlorides otherwise, the ‘forination of 5 -proplothlotactones would be 
impossible, The action of bases on the ethyl esterof 8 , B-dimethyl-8 -chloro-~a-ethyt-mercaptopropionte acid 

led to the ellmination of hydrogen chloride and the formation of the ~~ estcr of 8, Bedimethyl-a = ethylmercaptoe. 
acrylic acid, 


In 1958, Gundermann, by addition of mercaptan to the medial ester of achloroacrylic acid, actually 
obtained the methyl ester of a-chloro-5 -ethylmercaptoproptonic acid [6}s 


CHS 
CH, = CCICOOCHs: ~——* C,H, SC, — CHCICOOCH). 


The boiling point of the methyl estcr of a-chloro= 8 -ethylmezcaptopropionic zcld obtained fn this manner was 

{n agreement with the boiling point of the preparatica obtained by Brintzinger by the addition of ethznesulfenyl 
chloride to methyl acrylate, On dfs basis and without suffictent grounds, Gundermann agreed with Brintzinger 

that during the action of sulfenyl chlorides on acrylic sys*ems, the alkylmereapto group adds to the 8-position and 
the cMorlne atom adds to the a-position. In crder to clear up this questfon once and for all, we cared out special 
syntheses of a-chloro-5 -ethylmercaptopropionitrile (1) anda -ethylmercapto =3-chloropropfonitrile (II) and come 
pared thelr properties, 2 was prepared by the addition of ethyl mercaptan to dchloroacryloniteiles 


HSH : 
CH; = CCICN — C,H,S — CH, — CHCICN, 


and II was obtained by the addition of ethanesulfenyl chloride to acrylonitriles 


CH, = CHEN EE. cut,cicts (Scyt) ON. 


It was found that thetwo compounds have the same bolling point and closely similar refractive Indices and densities, 
but that they differ sharply in chemical properties, Thus, I remained unchanged during prolonged storage; even the 
action of sodium acetate in methanol at room. temperature did not split out hydrogen chloride, However, II spon= 
taneously lost hydrogen chloride during storage (acld reaction to congoindicator, change in refractive index), and 
with sodium acetate under the same conditions as I, almost all of the If underwent elimination of hydrogen chloride 


with the formation of the B -alkylmercaptoacrylonitrile, The infrared spectra of compounds I and I also differed 
(see Figures 1 and 2), 


Thus, {ft fs quite clear that the negative charge in alkylsulfenyl chlorides fs centered at the chlosine atom 
and that alkylsulfenyl chlorides add to acrylic systems in ceareenny with = indicated polarization, forming a « 
alkylmercapto derivatives, - 
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Fig. 1. Le. spectrum of a -chloro=9 ~ethylmescaptoproplonitrile (1), 
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Fig. 2 Le. spectrum of a poo ~chloroproptonitrile (Il). 


EXPERIMENTAL PART | 


a-Methyl <x -ethylmercapto-8 -chloropropionyl chloride, 9.65 g (0,1 mole) of ethanesulfenyl chiaride was 
added to 8.6 ¢ (0,1 mole) of methacrylic acid in 20 ml of CCly, during which the reaction mixture was cooled with 
water; the reaction mixture was allowed to stand at room temperature for 2 hours, and was then heated on a watez 
bath with 36 g (0.3 mole) of thionyl chloride, There wat obtained 14 g of a-methyl-a-ethylmercapto-8 -chloros 
proplony! chloride, b.p, 110/5-6 mm, Diy 1,997 , density 1,234, 


Found 9: C 35.18; H 4,74 C,H,,Cl,0S, Calculated %: C 35.8; 4 4.97. 





a-Ethylmercapto =8 =chloropropfonitrits, 9,65 g (0.2 moie) of ethanesuifenyl chloride was added to 5.3 g 
(0,1 mole) of acrylonitrile in 25 ml of absolute ether, and the mixtuie was allowed to stand at room temperature 
until the following day. The solvent was evaporated, and 10 g, 75% yicld, of a-ethylmcrcapto=B =chloropropioe 
nitrile was obtained; b.p, 89-90°/S-6 mm, nj 1,5063, density 1,171; MR, found 38, calculated 37,95, 


Fourd %: C 39.9%; H $.08 CsHsNSC1, Calculaced $: C 40,20; H 5,35. 


8 Bb -Dimethyl-d -chloro-a~ethylmercaptopropionyl chloride, 10 ¢(0,1 mole) of ethanesulfenyl chloride fa 
25 ml of CCl was added to 10 g (0.1 molc) of dimethylacrylic acid In 25 ml of CCk. The mixture was allowed to 
stand until the following day. 36 g (0.3 mole) of thionyl chloride was then added, and the mixture was heated os 
a water bath until the evolution cf SO, and HCI had ceased, The 8 ,8 -dimethyl-8 -chloro-a-ethylmercaptoe 
proplonyl caloride was obtained in 12 % yleld; b.p, 92-937/5-6 mm, 








5 g of ethancsulfenyl chloride was added, under the same conditions, to 6 g of dimethylacryloyl chloride, 
Complcte decolorization of the sulfenyl chloride was not observed, even on prolonged heating of the mixture; the 
yleld of 8 8 -dimethy]-8 -chloro= a-ethylmercaptopropionyl chloride did not exceed 30% 


Found %: C 39,19; H 5.46 C,H,,0C1,S, Czlculated %3 C 39.07; H 5,58, 


Ethyl ester of 8 ,d-dimethyl- a=cthylmercaptoacrylic acid, 5.7 g (0,03 mole) of the ethyl ester of 8B, Bo 
dimethyl-3 -chloro~« -cthylmercaptopropir alc scid was dissolved in 10 ml of methyl alcohol, and 20 ml of a2 
solutiun of NaOH in methyl alcohol was added dropwise, The alkaline reaction Immediately disappeared, Afteg 
evaporation of the alcohol, the residue was dissolved in cther, and the ethcr solution was washed with water ang 
dried over magnesium sulfate, 3 g of the ethyl ester of 8,8 a acid was — 
B.p. 115-116°/15 mm, 


, Found %o: C 57,29; H 8,60; 5 17,35 C3H,,0,S. Calculated %: C 57,44; H 8,51; $ 17,02, 
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In work previously reported [1], we made use of phenyl-radical exchange with benzene for proof of the 
appearance of free phenyl radicals {o certain radical processes, The existence of such an exchange, which proceeds 
by an “express® reaction, can be detected by means of labeled compoundss 


GH, e + C,H, - CH, + Coy. 


It hes also been noted, by this same means, that interaction of the radicals with the solvent does not always 
take place, In the presence of finely divided metals, the radicals can react with each other on the surface of the - 
metas and not transfer into the bulk of the solvent, 


In the presat work, we investigated the decomposition of some compounds ylelding pheny! radicals (nitrozoe 
_ acetanilide, diphenyllocontura fodide, the double salt benzenedlazoniumztac chloride) {a solution in labeted © 
"benzene in the presence of metaille merewy, 


It is well known that Ia the presence of mercury, nitrosoacetanilide In carbon tetrachloride solution forms 
phenylmercury chloride [2]. We carrled out this reaction in 2 medium of benzene Jabeled with C%, A weighed 
sample of the nltrose derivative (5.5 g) in solution In labeled benzene (32 g, activity 825 Imp. /minute) was 
vigorously agitated with mercury (20 g) at 35-40° for 4 hours, The nitrosvacetanilide reacted chiefly with the benzene, 
The resulting biphenyl (1.5 g, 58% yfeld) consisted of phenyl radicals from both the nitroso compouad and the ° 
benzene (the activity of the biphenyl was 373 imp /minute; f.e., 45% of the phenyi radicals came from the beazene), 
However, Latcraction of the phenyl radicals with mercury occurred to some extent, 


The phenyl mercwy acetate obtained from the reaction was convested to the chloride, which, after repeated 
secrystallization (0,15 g was recovzred), proved to be inactive, When nitrosoacetanilide was decomposed fn the 
presence of freshly reduced copper in a medium of C-labeled benzene, no essential change fn the Lsotope come 
position of the resulting biphenyl was observed, 


Analogous --sults were obtained with diphenylfodonium fodide, As Reutov and co-workers have chown {3}, 
organomercury compounds are readily prepared drom diphenylodonium salts and mercury In varlous media, We 
eo out this reaction by vigorously agitating diphenylio¢onium fodide (4 g) {n labcled benzene (40 g, activity 

026 imp /minute) with mercury (10 g) at 80° for 24 hours; 1,2 g (15% yleld) of phenylmere.y lodide was {solated 
fi the reaction mixture, and this was found to be practically inactive, The lodobenzene obtained under these 
conditions (2.4 g, 60% yield) was also inactive, j 


Thus, the solvent, benzene, does not participate in the reaction, The phenylmercury fodide was formed from 
diphenyodonium fodide and not from fodobenzenc, which was formed by decomposition of the diphenyllodortum 
lodide, This was also confirmed by a control experiment which showed that phenylmercury lodide fs not formed 
from fodobenzene and mercury under these conditions, Photodecomposition (irradiation with a PRK=2 lamp for 180 
hours) of diphcnyllodonium fodide (2 g) in C’*-labeled benzene (45 g, activity 1470 imp /minute) gave biphenyf 
(0,15 g, 20% ylcld) and lodobenzene (0,49 g, 24% yicld), The biphenyl had an activity of 3165*imp /minute, $,e,. 

% of the actlylty of the original benzene, while the lodobenzene was almost Inactive, 


* As in the Russfan original = Publisher’s note, 
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TABLE 1 
Reaction of (C,HsN2) ZnCl, with Benzene et 80° for 10 Hours 





Taken {n the reaction : Obtained from the reaction 
Expt. Benzene Chlorobenzens Biphenyl 
No, 4 Metal 39 [Phenyl 


(CH.N,) ZnCl, _ 238 pace 


a3 jbeazenesfe 











yield,% 





21Hl¢ 241 
21He 172 
Ma (tz) Na - 
32n 
$,5Cu 
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A preliminary experiment conflrmed that radfation-Induced exchange of phenyl radicals does not take place 
between fodobenzene (4 g) and benzene (15 g, activity 1000 imp /minute), The fodobenzene remained inactive 
after irradiation for 160 hours, 


The last example was the decomposition of the double salt aie 22nCl, in a medium of labeted benzene 
at 80 (Table 1), 


The main product of this reaction was chlorobenzene, which was practically Inactive after careful purtflestion, 
In addition, a small amcunt of biphenyl wat obtained, The Lsotope composition of the latter established that ft 
was formed from phenyl radicals from both benzene and the benzenedfazonfum compound, 


In order to solve the problem of whether free radicals are formed during the process, we carried out the 
decomposition of the dlazonium duuble salt in the presence of metallle mercury (Experiments 3 and 4), However, 
we were unable to detect the formation of phenyl mercury compounds, Freclsely the same negative results were 
obtained whea sodiura amalgzin was substituted for mercury (Experiment 4), . 


We had assumed that the sodium, by combining with the chloriae, would Increase the yield of phenyl radicals, 
As the experlmental data showed, the addition of either mercury or sodlum amalgam had absolutely no effect oa 
the yleld of chlorobenzene and biphenyl, 


Similarly, the addition of metallic zinc (Experiment 5) or copper a 6) had no effect on the deo 
composition of the diazonlum double salt in benzene, 


Thus, the appearance of free phenyl radicals was not detected in any cf our experiments, 
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Among polymeric titantum=contalning compounds, the best studied are the polymers obtalned by means of 
hydrolysis or polycondensation of esters of orthotltanfe acid and containing aa inorganic chain consfsting of titsnfums 
and oxygen atoms, the chain being framed by organle groupss 

OR OR 
wt _o-4 —C—,., 
OR 


@) 


Titanfum-=containing polymers obtained by polymerization of unsaturzted organotftanium compounds oz by 
copolymerization of these compounds with vinyl monomers have been studied to a considerably lesser extent, — 
There are patent data [1-3] concerning the possibility of copolymerizing unsaturated esters of crtiotftanle acid 
aid also of alkoxytitanfum acylates of the formula (RO), TI(OCOR"yen , contaiaing unseturated acyl groups with 
unsaturated monomers, ‘Vinyl esters of orthotitanfe acid such as divinyldLlsopropy! Utanate (1-~<C,170) THOCH 
=Ci!,); tetrastyryl titznare THOCH * CHC,Hs),, and others, which may be obtafred by the Interaction of alkyl 
orthotitanates with enolizable aldehydes os ketoncs (4), polymerize readily. These samples exhaust the available 
Utcrature information on the polymerization and copolymesization of orgacic titanium compounds, 


As may be scen from the information presented above, up t2 the present, studies of polymerization and coe 
poiymerization reactions have been confined to monomeric orgenotitanium compounds ({.e., compounds contalaing 
only cne titanium atom In the taolecule), It scemed to us to be of Interest to explore the possibility of the coe 
polymerization, with vinyl monomers, of titanium-containing polymers of the type of (1) in which the framing 
groups are unsaturated, The literature contains ao data on the synthesis and copolymerization of such compounds, 


For the preparation of unsaturated polycondensation products of type (I), we made use of the ready substitution 
of the alkoxy group in alkyl polyutanates by acyl radicals, As was sliown by Boyd [5], when an alkyl polytitanate 
{s heated under vacuum with an aliphatic acid, preferably one with a long chafa , replacement of alkyl — by 
acyl grouns takes place and the corresponding alcohol fs iberateds_ - 


(RO) 3004.3) TQ q—g + MR'COOH + (R'COO) pq (ROY 04 191m Tg Ong MROH an 


By crtrying out such a reaction between butyl polytitanate (with an average degree of polycondensation of 
= 12) and clnnamic acid, C,H;CH = CHCOOH, or furylacrylic acid, C,H,OCH = CHCOOH, at varfous ratios of 
reactants, we obtained acyl derivatives of type (I) with ratlos of R';COO/TA of 13/2 and 6/12 in experiments 
with cinnamfe acid and of 12/12 and 6/12 in experiments with furylacrylic acd, Depending on the amount of 
acid introduced, these products were waxy or resinous substances, Whea heated with styrene at 100-150 in the 
presence of 1-27 benzoyl peroxide, these compounds underwent copolymerization with the styrene, forming transe 
Parent red-brown polymers, These polymers are not soluble in such solvents as acetone, benzene, or toluencs they 
swell in benzene ortolucne, An intcresting fact fs the stability of these polymers toward the action of wate « 

















In contrast to butyl polytltanate and Sts acyl derlvatlves, these polymers do not undergo visible change on prolonged 
storage (up to three months) In water, under the Influence of boiling water, or when heated with aqueous acetone, 


By way of example, we present below the preparation of the unsaturated product of the condensation of butyl 
polytitanate (n # 12) with clnnamic acid fa which the ratlo CyH;CH = CHCOO/TI = 13/12 and the copolymerization 


_ of this substance with styrene, . 
EXPERIMENTAL PART 


The Inittal butyl polytltanate was prepared by hydrolysis of butyl orthotitanate, TL (OC,H,),, In butyl alcohol 
{6}. To a solution of 36,7 g (1 mole) of butyl orthotitanate in 100 ml of anhydrous butyl alcchol was slowly added 
with vigorous stirring, a soluvion of 1.85 g (0.95 mole) of water in 40 il of butyl alcohol, After all of the solution 
had been added, the reaction mixture was heated, with stirring, for an hour at 60-65° (bath temperature), after 
which the solvent was distilled (finally under a vacuum of 5 mm and a temperature of 180), The resulting very 
viscous, yellowlstrgreen transparent polymer had an average degree of polycondensation, “a*, equal to 12, 


Found os T10, 36,28; 36,29 (C,H,0);4T 20,3. Calculated %s TIO, 36,23. 


12 g of this butyl polydtanate was mixed with 8.7 g of cinnamic acid (m.p, 133°) and the mixture was heated 
at 150° and 15-20 mm pressure, The butyl alcohol which distilled was collected in a cold trap; practically the 
theoretical amount (4.2 g) of butyl alcchol was collected, Final removal of the alcohol was carried out by heating 
at 150-160 and 2 1inm pressure, The resulting product was a resinous substance, soluble in organic solvents, Ace 
cording to the analytical data, it contained 13 cinnamic acid residues for each 12 Utanium atoms, 

Found %: Ti 15,85; 15,89; C 55.883 56,05; H 5.70; 5.77 (C,H,O}3(C;HyCH = CHCOO)3T1,,0,5 . Cale 
culated %: Ti 15,95; C 56,13 3 H 5,76, 
ao 

2 g of this product was dissolved fn 3 ml of styrene, 1-27 of benzoyl peroxide was added, andthe mixture 
was heated In a hood at 100° for several days; this sesulted In the formation of a solid, transparent polymer with 
a reddish-brown color, Whea the copolymerization was carried out at 140-15¢, the mixture lost its fluidity after 
only 2 hours, and {t completely solidified within 2-3 days. The resulting polymer was not hydrolyzed by water 
of aGueous acetone, and did not dissolve in acetone, benzene, or toluene, By extracting the polystyrene and uae 
reacted starting materials with tcluene,and dying and analyzing the residue it was showa that this substance was 
a copolymer, and not a product of the furthes condensation of titanium compounds, 


Found %: Ti 9,68; 9,73; C 73,31; 74.14; H 5.79; 5.86 

These data demonstrate the possibility cf preparing copolymers based on vinyl monomers and polytitanoxane 
compounds contalning unsaturated organfe groups. a 
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The following methods have become well known and widely used for the synthesis of aromatic organosfifcos 
monomers: a) subst{tution of an aryl radical for a chlorine atom or RO group by the action of organometallic come . 
pounds on chloro and alkoxysfianes, b) the direct action of aryl halldes on sillcon-containing contact masses 
(direct synthes{s), and c) the interaction of silicon hydsides with aromatic compounds at elevated temperatures 
(200-500) and pressures (elther in the presence or absence of a catalyst) (1-4): > SiH + Celle > SIC Hg + Hye 
The reaction of silicon hydrides with aryl chlorides in the presence of a catalyst, in accordance with the L.-te 
menatloned method, can proceed In two directions (SJ 





~Ssicucr +H, 7 @ | 


CIC,H, +5 Si- H— 


SSiG Hs + SiC He rh) 


When the reaction Is carried out without a catalyst (t = 400-500"; p = S-7,5 stm ), It proceeds only according 
to scheme (JI}){1). In all patents devoted to this reaction, It fs emphasized that at least part of the reaction 
mixture should be in the ifquid phase, Only two patents (6, 7) are directed to conducting the reaction In the gas 
phase, and in both of these It fs stated that it is necessary to use a catalyst (copper or palladium) {n carrying out 
the reaction, The data fn these two patents as well as the Increase in the yicld of phenyltrichlorosilane resulting 
_from the direct synthes{s when 3 mixture of chlorobenzene and HCI {8} (the latter forms HSI{Cl, with the Si) or 
mixture of chlorobenzene and HSiCl, (Sj fs employed show that the reaction HSICl, + ClC hig -e Cl, SIC Hg ¢ HCL 
occurs principaily In the gas phase, 


And, indeed, we have observed that with an Increase fn the tempcrature of the reaction zone to 550-700 
aryl chlorides readily condense with silicon hydrides at atmospheric pressure In the gas phases 


RC -+ HSiR,Cl,_, -» RRASiCI,_, + HCl, 
where R fs an aromatic radical, R" is CH, or Cs. and n=0,1, 


The rezcticn was carried out by passing a mixture of the aryl chloride and silicon hydride through a heated 
empty quartz tube, The tube used in the work had a diameter of ~10 mm and a heated zone 150 cm long, The 
use of catalysts or even of ceramfc or glass packing led to a decrease in the yiclds of condensation products, 


The condensate was distilled In a column cquivalent to 40 theoretical plates, As an example of the analytical 
methods used, the analysis of the condensate obtained during the preparation of phenyltrichlorosilane from chloroe 
benzene and trichlorosilane was carricd out as follows, Fraction I (bp, 33-33") was trichlorosilane, Fraction I ° 


* A brief account of the method has been published in reference (10), 
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Fig. 1, Temperature dependence of 
the degree of HS{Cl, cdnversion and 
of the ylelds of condensation products; 
contact time 7= 15,7 seconds; C,HsCl/ 
AUSIC1 z= 2/1; a) CoH,SICI,3 b) HSICIys 
C) SIC, 5 d) Celge 
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Fig. 2, Effect of contact time onthe 
deg:ee of HSICI, conversion and onthe 
ylelds of CgH,SiC1, and SiCls tempers 
sture of reaction zone, 620°; C,H;Cl/ 
/ HSIC1, = 2/1, a) CgHsSICl,5 b) HSiCly 
c) SIC. 


(b.p, 33-35" ) was a mixture of trlchlorosilane and SIC; the amount 
of HSICI, In this fractlon was determined from the actlve hydzogea 


~ and the remainder was taken as SIC, Fraction DI (b.p, 55-58" ) 


cons!sted of SIC. Fraction IV (b.p, 53-78°) was a mixture of 

SICK, and benzene; the SIC, content of the fraction was determined 
from the hydrolyzable chlorine, Occassfonally, an analysis of the 
entire fracticn bolling up to 80 waz caried out, HSICl, was detere 
mined from the active hydrogen; the SiC, was determined from the 
hydrolyzable chlorine taking into account the HSIC1;, and the 
remainder consisted of benzene, Both methods gave practically 
equivalent results, The fraction boiling over the range 80-132 

was a mixture of benzene and chlorobenzene; the amount of chloroe 
benzene was estimated from the density of the mixture, The frace 
tion boiling over the range 134-199 was a mixture of chlorobenzene 
and phenyltrichlorosilane; the amount of the latter was estimated ; 
from the amount of hydrolyzable chlorine, The fraction bofling at 
199-202 consisted of phenyltsichlorosilane, Analyses of the otheg 
condensates were carried out in a simflar manner, 


Using the reaction in which phenyltrichtorosilane fs formed, 
HSICl, + CiCHs -» Cl,SIC,Hs # HCl , we studied the effects of 
temperature of the reaction zone, contact time, and ratlo of starting . 
materials on the degree of conversion of HSICI, and on the ylelds 
of condensaticx products, The effect of the temperature ia he 
reaction Zone {s shown ic Figure 1, 


The presence fn the reaction products of sfgnificant amounts 
of SiC, and benzene shows that fn addition to the basis reaction 
ylelding phenyltrichlorosilane, the interaction of HSICl, and C,H,Cl 
proceeds by another route with the formation of silicon tetrachloride 
end benzene: HSICl,; + €,H;Cl -» SIC, + C,H, . Howevez, silicon 
tetrachloride was always obtained in greater molar amounts thaa 
was benzene; Le,, it was also formed by still another route, Analysis 
of the gaseous reaction products showed that they conststed alrnog 
entirely of HCl and Hz The molar amount of hydrogen corresponded 
to the molar excess of S'‘Cl, over benzene as would be required by 
the reaction 4HSICI, --3SiCk + Si +H; Thus, along with the intere 
action of HSICl, and C,H;Cl, pyrolysls of HSICl, also occurred, and, 
for example, at 700° about 10% of the orlginal trichlorosilane ~ 
underwent pyrolytic cleavage, The presence Inthe gascous reaction 


products of only insignificant amount of methane, ethane, ethylene, propane, propylene, butane, butene, and 
amylenes, and the Insignificant deposition of carbor on the walls of the reactfon tube indicated that pyrolysis of 
the chlorobenzene took place to only aslight extent. The effect of contact time on the completane of conversion © 
of trichlorosilane and on the yields of SICk and C,H, SiCl, Is showa in Figure 2 


An increase in contact time promoted srnoother conversion of the trichlorosilane and, therefore, an Increase 
{n the yleld of CH;SICl,, It wes found that tie maximum yleld of CgHsSICl, (52%) was the same at different 
temperatures, but it was obtained at 680 at # = 15,7 seconds and at 620° at fF =70 seconds, Naturally, when operate 
ing at maximum yield, decreasing the tempe:ature of the reaction zone decreases the productivity of the apparatus, 
Figure 3 shows that the optimum ratlo of chlorobenzene to trichlorosilane fs 2/1, An increase In the ratio from 
2/1 to 3/1 had practically no effect on the yield of en but it led to an increase in the amount 


of silicon tetrachloride formed, 


Upon consideration of the results obtained, we carrled out an investigation of the optimum reaction temperae 
ture for the synthesis of phenylmethyldichlorosilane: CH,SiHCl, + CgHsCl -» CH,SiC1,C,;Hs + HCl, The ratlo of 
chlorobenzeae to methyldichlorosilane was set at 2/1 and the contact time at 7=30 seconds; these conditions 
gave a sufficiently high productivity, 
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Fig. 3. Effect of changes fn the gatlo 
of starting materials, GH,Cl on the © 
degree of HS{Cl, conversion and on 
the ylelds of C,HsSiCl, and SICK. 
Temperature of the reaction zone, E20, 
Contact time, f = 23.6 seconds, a) 
CG,H,SiCl,; b) HSICH, 3 c) SICI,. 
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Fig. 4. Effect of temperature ofthe 
recction zone on degree of CH,SilICl, 
conversion and on the ylelds of 
C,HsSiCH,Cl, and CH,S!Ct,; CgH,C1/ 
/CH,SiHCi,=2/1; contact ume, 7230 
seconds, a) CgH;SICH;Cl,s b) 
CH;SiHC1,; ¢c) CH; SiCl, e 


It was found that the Interaction of chlorobenzene with meihyle 
dichlorostlane proceeded primarlly by the same routes as the intere 
action with trichlorosilane, Paratleling the reaction ylelding phe 


_ nylmethyldichloresilane was 4 reaction ylelding benzene and methyl 


trichlorosilane: CH,SiHCl, # Cgl,Cl -» CH1,SICl, + Cy The 
occurrence in the gascous reaction products of a significant amount 
of hydrogen and the deposition of silicon on the walls of the reaction 
tube indicated that, similarly to the case of HSICI,, pyrolysis of 


” CH,SIHC1, took place, An increase in the temperature of the 


reaction zone to above 650° led to appreciable formation of CglgSICly- 
. along with the CgH,SiCHyCly (there was no appreciable formation 

of C,HsSiCl, at 640°. while at 660°, it comprised up to 10 % of ths 

weight of the C,1,SICH,Cl, armed), These results are presented 

in Figure 4, The nm: axisnum yleld of phenylnicthyldichlorosilane 

was obtained 21 c4 and amounted to 3m, 


Thus, the racthod of preparing phenyltsichlorosflane and 
phenylmethyldichJore:flane by high-temperature condensation of 
silicen hydrides with chlorobenzene fs preferable to the method fa 
which silicon hydrides are condensed with aromatic compounds ia 
the liquid phase, not only with respect to simplicity of apparatus, 
but also because higher ylelds of the desired compoynds are obtained, 


The high-temperature condensation was extended to other aryl 
chlorides, in particular, to a-chloronaphthalene and p=dichlorebene 
zene, At 640, ne y-elds of naphthyltrichlorosilane and naphthyle 
methyldichlorosilane were, respectively, 60% and 50%, That the 
yields of naphthylchlorosilanes were higher than those of the corré« 
sponding phenylchlorosilanes merits attention, Morcover, it was found 
in the case of the synthesis of naphthylchlorosilanes, silicon tetrae 
chlorides was formed to a considezably lesser extent than fn the case 
of phenylchior>silaze synthesis; the formation of naphthaleas was 
also instzuiflcant, 

p-Dichlorobenzene was also successfully condensed with 
silicon hydrides in the gas phase, Thus, at 640°, atacontacttime of © 
30 seconds, and a ratio of C.14,Clz to HSICI, of 1/1, the yleld of 
chlorophenyltrichlorosilene was 307, while under the same conditions, 
the yleld of chlorophenylmethyldichtorosilane was 207% In both 
cases, rcaction at both CCl bonds of the p-dichlorobenzeas 
occurred io tome extent with the formation of bischlorosilyl) 
benzenes, The yields of products cited in the present paper are 
besed on the orfginal silicon hydride, 


The results presented in the present paper and also the successe 


ful extension of the condertsation reaction to the condensation of silicon hydridcs with a number of other RCgH,Cl 
leads us to assert that the high-temperature condensation of aryl chlorides with silicon hydrides in the ges phass 
{fs a new method for the synthesis of aromatic organosilicon monomers, 


The high temperature of the reaction zone and also that the reaction wassuccessfully carried out in am 
empty tube, Le, with a minimum of surface area, compels the assumption that the reaction proceeds by a radical 
mechanism, The formation of different substances, for example, during the reaction of HS{Cl, with C,H,Cl, cas 


be represented by the following schemes 


HSICl, — ft + SiC, 


C,H,Cl + SiCly +» C,H, SICl, +O, 
Cle + HSICly -» HCl + SiClgs ete 
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HEATS OF COMBUSTION OF SOME BRANCHED ALKANES’ 


S. M. Shtekher, S. M. Skuratov, Vv. K. Daukshas, 
and R, Ya, Levina® 


M, V. Lomonosov Moscow State University 
(Presented by Academician A, N, Nesmeyanov, April 13, 1959) 


In contrast to qther organic compounds , for many classes of hydrocarbons there fs currently avatlable a. 
targe amount of reliable experlmental data on varlous physicochemical properties, {n particular, heat of combustion, 


The existence of this experimental materlal has permitted the development of additive schemes for the 
calculation of values of ¥arlous physicochemical propestics for these hydrocarbons for which experlmental values _ 
are not available, The slgnificance of such schemes does not require elaboration If one considersthe enormous, : 
continuously Increasing number of hydrocarbons which are being synthesized, The accuracy with which one additive 
scheme or another can predict values of physicochémical properties of such substances depends, obviously, on the 
assumptions on which the scheme {s based and on the cire with which all interatomfe and intermolecular Interze 
actions occurring {a these substances are taken into account, 


The simplest class of hydrocarbons fs the alkanes, {a which there are only ordinary C~C and CH bunds, 
Howeyver, all of the CH bonds cannot be considered equivatent with zespect to the contsibutfons made by these 
bonds to one physicochemical property or another. A scheme based on an zssuwnption of bond equivalence would 
be very simple, but {t obviously could not reflect differences in the physicochemical acenape: of isomers, wate 
more careful classification of C=C and C=-# bonds fs clearly required, ° 


There fs available at the present time a large number of additive schemes by which ft {s possible to calculate, 
with more or less accuracy, heats of combustion (and a number of other physicochemical properties) of the alkanes 


U-1, 


The most detalled approach {s that employed by the scheme proposed by V. M, Tatevskil (5}. In this scheme, 
C=C bonds fn alkanes are divided into ten subtypes according to whether the carbon atoms Involved In 3 gives 
bond are primary, secondary, tertiary, or quaternary, This approach takes Into account tie basic Interactions 
of the atoms fn alkane molecules with respect to bonds in which the atoms are not directly Involved, and the 
calculated values reflect the experimental values with an accuracy which fs not less than the accuracy of the | 
experimental data, 


Confining our attention to only heat of combustion fn the liquid state at 25°, ft may be pulnted out that © 
for 44 alkanes for which it {s possible to compare values calculated by V. M, Tatevskil's scheme with experimental. 
values, the average deviation fs 0,5 kcal /mole, Sharp devia:ions of experimental {11} and calculated values 
are found in only three cases: 2,2,4-trlmethylpentane (2,12 kcal /mole), 2,2,3,4-tetramethylpentane (1.77 kcal peg 
mole), and 2,2,4,4-tetramethylpentane (5,22 keal /mole). In all of these cases, the deviations can be explained 
on the basis that the method of calculation does not take into account interactions of substituents (methyl groups) 
located in the 2,2,4~positions (the interaction should be twice as great in the latter case), Taylor, Pignocco and 
Rossini {1} have pointed out that such interaction must exist; indeed, V. M, Tatevskil has repeatedly polnted out 
this phenomenon, 


* L. V. Fedorchuk and L, Baukh participated in the work on the synthes!s and purlfication of the alkanes invese 
tigated, 
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TABLE 1 


Heat of combustion in keal/ mole 





Substance 





Experimental Calculated 


| 





-4,4-Tctramethylpentane 
5,0-T ctramcthylheptane 
»6,6-Tctramnethylnonane 

7 ,7-Tetramethyldecane 
04,4,5-Pentamethylhexane 
-Dimethyl-3,5-diethylheptane 
-Dimcethyl-4,€-dicthylnonane 
5,5-Tetramethylheptane 
6,6-T etramethyloctane 
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Since there 1s avallable only one example of an alkane substituted {9 the 2,2,4,4-positions, and It {s only 
{n such an alkane that this deviation of calculated,from experlmental,values can be noted, it appeared of Interest 
to determine whether similar deviations would be observed In other alkanes having this grouping and whether ths 
magnitude of these deviations would be constant or would depend on the structure of the rest of the molecule, 
Moreover, It was of Interest to determine the heat of combustion of compounds In which qucternary carbon atoms 
are separated not by one, but by two methylene groups, For this structure, the calculated heat of combustion should 
agree with the experimental, ° 


In this connection, the heats of combustion of hydrocarbons of the following structures were determined fa 
the present works 


c c : 
) r—t —c-t- R’,for R= R’ a CHy, Cally, Cally, CyHy: Ro C’oHy; R= 1s0-C,By 


Cc Cc 
: g_d—c_d—p, fos R=C,Hy, Cay 


d ¢ 


Cc Cc : 
3) g—t—c—c—d_ p,, for R=CHs, R’ = CHy R=R’ = CH, 


All of the compounds Investigated were prepared by a double Grignard-Wurtz reaction, Details of the 
synthesls and the physicochemical constant of the substances synthesized have been published In part {12-14}, and 
part will be published in the coming year. After synthesls, all of the compounds were carefully purified and 
distilled in a column, Following the distillation, eachsubstance was chromatographed on silica gel, 


Quantitative determination of purity by melting curves® was carrled out for only two of the substance 2,0 
2,5,S-tetramethytheptane and 3,3,6,6-tetramethyloctane (the remainder of the compounds were glasses In the 
solid state, with the exception of 2,2,4,4-tetramerhylpentane), The purity of these compounds was 99,4 4 Ol and 
98,7 4 0,2 mole per cent, respectively, : 


The method used for the determinations of the heat of combustion has been described previously [15}, The 
calorimeter constant was determined by combustion of standard benzole acid, The Ssothennal heat of combustioa 
of the benzofe acid at 20° was taken as 6319,0 calories per gram of acid weighed in vacuo (1 calorie = 4,1840 
Joules), The results had a precision of 0,02-0,4% (average deviation from the arithmetic average), For each 


* The analyses were carried out in the A, G. Anikinyl Thermodynamics Laboratory of the chemical faculty of 
Moscow University, ° : aoe ° 
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substance, samples of different degrces of purlty were burned, and the value of the heat of combustion was considered 
to be established only upon agreement of the results obtained from different samples, 


Our experimental data are presented in Tabie 1, In one of the columns headed “heat of combustion® are 
given, in kcal /mole, the changes in enthalpy during fsothermal combustion (at 25°) of the substances in the quid 
state at a pressure of 1 atm,, the reaction products being gascous CO, and H,O (also at a pressure of 1 atm), 


In the other column headed “heat of combustion” are given the values of the heat of combustion of the 
corresponding compounds calculated by the method of V. M, Tatevskil, The 4 column gives the deviations of 
these values, As may de scen from this column, for all of the hydrocarbons containing in the molecule a grouping 
of two quaternary carbon atoms separated by one CH, group, the experimental heats of combustion differ from the 
values calculated by Tatevskii’s method by an average of 541 kcal /mole, This value may be used to correct 
values calculated by Tatevskil’s method for afl zlkanes containing this grouping, 


As would be expected, in those cases where the alkane molecule contained a grouping of two quatemary 
carbon atoms separated by two CH groups, the calculated values were In agrcement with the experimental values 
within the Limits of experimental extort, : 
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ISOMERIZATION OF y OXIDES TO ALIPHATIC CARBONTL 
GCOMPOUNDS, THE EFFECT OF TE MPERATURS 
AND STRUCTURE OF THE COMPOUNDS 


Corresponding Member AN SSSR N, 1. Shuikia, 
I. F. Bel’skif,and R. A. Karakhanov 


N. D, Zelinskif Institute of ~~ Chemistry Academy — 
of Sclences USSR 


As we have previously shown [1], fsomerization of y -oxidcs (tetrahydrofurans) to allphatic carbonyl compounds 
proceeds readily in the vapor phase over platinized carbon at the comparatively low temperature of 230-250, 
Whenan alkyl group {s present at the a-position of the tetrehydrofuran ring, cleavage of the ring proceeds predomle 
nantly at that C—O bond which fs furthest removed from the alkyl radfcal (the 1,5-bond), thus leading to the 
formation of aliphatic ketenes, Lomerization of a-alkyltetrahydzofurans with ring opening at the CO bond ade 
jacent the alyl group (the 1,2-bond) also takes piace, but to a considerably lesser extent, Methyl-ethyle and 
n-piopyltetrehydrofurans lsomerize in this manaer to an extent not greater than 10% at a temperature not exe 
ceeding 250, The resulting aldehydes readily undergo decarbonylation to the corezponding para‘sInic hydzocarbonss 


Rupture of 1,5-bond C4,cH -2 : @) 


ie Ae of1 s2bond f 


fer ‘in nicaseeennl sn] —~ cote enone (il) © 
The experimental data obtatned in the present investigation provide answers to the following four questions, 








1, What fs the effect of the length of the carbon chain of an alkyl radical In the epozition on the tendency 
of the tetrahydrofuran ring to lsomertze by Reaction lor IL 2 


2, What fs the effect of temperature on the relative tendencics of the 1,2 and 1,5-bonds to undergo cleavage 
Guring {somerization of aeall:yltetrahydrofurans ? 


3. How docs lsomerization proceed fa Gs case of 2 ee in which the sly! radicals have 
different numbers of carbon atoms ? 


4, In what manner do 2,2edlalkyltetrahydrofurans fsomerize # 


The results of our experiments are presented in Table 1, 


1) In order to obtain an answer to the first question, we Investigated the lsomerization of a=n-propyl-, 

@en-butyl- and @=n-amyltetrahydrofurans under uniform conditions-= in the vapor phase at 350°, The corresponding 
data of Table 3 show that an Increase in the number of carbon atoms In the side chain of a~al’:yltetrahydrofurans 
increases the tendency of the 1,2-C~O bond to undergo cleavage dusing Isomerization of the ring, and, on the 
contrary, it decreases this tendency of the 1,5-C—O bond, a-n-Propyl-, a-n-butyl=, and @-n-amyltetrahydrofurans 
form, respectively, 76% 4-heptanone and 24% n-hexane, 67% 4-o-tane and 33% n-heptane, and 56% 4-nonanone 
and 44% n-octane, Thus, we have here a thoioughly specific depenacace of the tendencies of the tet-ahydrofuras 
ring to isomerize by Reactions I and II on the length of the alkyl side chain, 
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TABLB 1 i 


Products of the Isomerization of Tetrahydrofuran Homologs 





Tetrahydrofuran homolog Reaction products 





a@en-Propyltetrahydrofuran 4-Heptanone (89) ),n-hexane(11 i 
a~meRropyncitan yaaa 4-Heptanone (33%), n-hexane (177%) 
@-n-Propylteteshydrofuran 4-Heptanone (764 ‘on n-hexane (24%) 
aon-Propyltctrahydrofuran 4-Heptanone (63%), n-hexane (32% 
aon-Butyltetrahydrofuran 4-Octanone (67 ‘To)r9 0 n-heptane(33% 
aen-Amyltetrahydrofuran 4-Nonanone (56%), n-octane ( Ye) ) 
2-Methy -Sctibgn crenpeeeren 2-Heptanone (+90 9), 3-heptanone ~ 10%) 
2-Mecthyl-S-propyltetrahydrofuran Lab ear seh “977. Be 4-oc anone( -Sh) 
2-Methyl-2-ethyltetrahydrofuran 3-Methylpcatane (~ 95-100%) 
2-Methyl-2-n-propyltctrahydrofuran " 3-Methylhexane (-95-160%) 








2) An answer to the second question posed above was obtained by an Investlgatfon of the lsomerization of 
@eneprepyltetrahydrofuran at different temperaturcs; 250, 350, and 400, The relative amounts of n-hexane and 
propyl ketone obtained from these reactions show that the course of the fsomerization of the tetrahydrofuran 
ring {s temperature dependent with regard to which bond, the 1,2 or the 1,5-C--Obond , fs opened, Our experie 
mental data, which are presented in Table 1, show that with an Increase In temperature, there fs an Increase {a the 
tendency of the tetrahydrofuran ting in a-alkyltetrahydrofurans to lsomerize by ring cleavage at the CO bond 
adjacent the alkyl radical, At 250, 300, 350, and 400, the isomerization products of a-n-propyltetrahydrofuran 
contained, respectively, 11, 17, 24, and 32% n-hexane, 


3) Since the nonequtvalence of the 1,2 and 1,5°C~O bunds with respect to thelr tend-ncy to undergo. 
cleavage during fsomerization of the substituted tetrahydrofuran ring depends on the h..gth of the alkyl radical fa 
the a=posidon, It might be expected that such nonequivalence would also appear In 2,5dlalxyltetrahydrofurans 
{n which the alkyl groups contain cifferent numbers ef carbon atoms, Lsomerlzation of 2emethyl-S-ethyltetrahydioe 
furan and 2=methyl-5-propyltctrahiydrofuran did, in fact, proceed with opeaing of the ring occurring predominantly 
at that C-*O bond which was adjacent the longest alkyl radical, 


This “selectivity® was exhibited to the greatest extent by 2-methyl-5S-n-proppltetrahydrofuran,and this fs 
obviously fn agreement with the data on che effect of the length of the alkyl radical fa a 
on the couse of fsomerization of the tetrahydrofuran rlags 
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4) Inceresting pecullarities were dlicovered during the lsomerization of those dialkyltetrahydrofurans fa 
which both alkyl radicals are attached to tie same a-carbon atom of the ring, Opening of the ring In this case 
proceeded exclusively at the CO bond adjacent the alkyl side chains, which led, after ie Sa ar of the 
intermediate aldehyde, to the formation of the corresponding aliphatle hydrocarbonss 


LX. = eae age + C0 : 


R-CiarCth — * 








» Is should be polnted out that lsomerlzatfon of 2,2~dlalkyltetrahydrofurans proceeds Just as smoothly, but 
less seitly than Isomerizatfon of aalkyltctrahydrofurans, 
EXPERIMENTAL PART 


The aealkyltetrahydrofurans and the 2,5-dlalkyitetrahydrofurans were prepared by vapor-phase hydrogenation 
of the corresponding alkyl and dialkyltetrahydrofurans over palladium catalyst, The a 
were synthesized by the method of Paul (2) from 2-methyl=4 sSedihydrofuran, ; 


2-Methyl-S-n-propyltetrahydrofurans bop, 140-141,5° (755), ai? 0,838 0; nB 1,4200, 
2-Methyl-2-cthyltetrahydrofurans b.p, 120-122° (760), oj? 0,8561 5 nb 1,4194, 
2-Mcthyl-2-n-propyltetrahydrofurans b.p, 143,5=244° (750), dj°0,8528 5 nD 1,427, 





The preparation of the catalyst and the conditions under which the experiments were carrled out have bees 
described in our previous paper(1}. The reaction products were separarated and purifled by distillation in an 
efficent column, The properties of the ketones obtained in the lsormerizctions have been presented In reference 
(3). 2-Heptanone and 3-heptanone, which were obtained during fsomerization of 2emethyl-S-ethyttetrahydiofuran, 
boll close together; consequently, determination of the relative amounts formed was accomplished through pree 
paration of the temiczrbazones, Determination of the change in the melting point of the semicarbazone mixture - 

with a change Li the composition of the ketone mixture. permitted determination of the relative amounts of 2e 
heptanone and 3-heptanone In the catalyzate, 


After recrystallization from ethyl alcohol, semicarbazone mixtures had the following melting pols (the 
3-heptanone content In welght per cent Ls shown In parentheses): 120° (0), 113,5° (10), 106° (30), 92,5° (50), 
84° (89), 96°95), and 101° (100), 
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SOME REGULARITIES IN THE FORMATION OF COMPOUNDS 
OF RHENIUM WITH TRANSITION METALS 


Corresponding Member AN SSSR N.V. Ageev 
and V. Sh, Shekhimaa 


A. Ae Baikov In:ifiute of Metallurgy Academy of Scleaces USSR 


In a previous paper {1}, the tendency of rhenium toward the formation fs a number of binary systems of ge 
and x ephases was polnied out; these O- and x «phases possess the native crystal stricture and occur widely fa 
varfous hinary anc temasy systems of the transition metals, For this reason, rhenium binary systems are suitable 
objects for stucying U:ese compounds, x “Phases are compounds with a structure of the type of a-Man (bodye 
centered cubic lattice with 58 atoms fn the unit cell), A structure of the type of a-ha fs characterized by 8 
distribuvicn ta confermliy with the symmetry of the space group 14 3m, £n paricular, fa the cquivalers positions 
Ax), &(e}, 24 (ge, and 24 (2°, 10 of the potions 2(a) + 8(c)) corresponding to the greatest atomfc yclume {2}, 

In Table 1 are. presented calculated data on the structure of G-)n; these data chow that positions (a) and (c) 
corresponding iv aveiege interatemlic distances which are 5.4% greater then these of posittons (g) and(g") Is 
conformity s:1th this, a stedy of order In the x =phase of the syztems Mo Cr Fe, Ti Cz°* Co,and TS Re has 
shown that ate:nle components having the highes atomfe radlf are disposed in precisely these positions, (a) and (c) 
[3-5]. Morcover, the average compositinns of the x «phases czn be expressed by formulas of the type Mo, gFesgCtyge 
Reg3T {,3, and the like [3-6], from which i: follows that the numter of atoms of the component with the greatez 
atomic radius (Table 2) is 10, fe, the number of positions with the greater atomic volume, 


Fz this, ft may be assunied that in shenfum binary system the tendency teward the formation of x =phases 
fs deteriained to 2 significant extent by a size factor, Vaives of the relative difference in ctomnfc radif (the size 
factor) for transtilon reetals fn shenfum systems were czlculaieé from the data of Table 2 uring the formulas 


Ruse Rue 
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100%. 


The dependence of P on the number of the subgroup fn the perfodic systems of D. L Mendeleev to which 
the elemect belongs fs shown In the form of a graph (Figure 1), 02 which zre ncted those metals which, according 
to the Hterature (2-24), form compounds with rhenium, Consideration of this graph shows that a x phase Is formed 
only with the metsis of Subgroups IVA, VA and VIA, which have a positive size factor, f.e., a greater atomic radius 
than rhenium (Ti, Zr, Nb, fa, Mo, and W), Metals from these groups of the periodic sy:tem with smaller atomic 
radif than rhenium (Le, V and Cz) do not form x ephases in binary systesns, In those cases where the difference la 
atoinie radii fs small (about 2% fos Mo and W), 2x«phase forms in the solfd state by a peritectold reaction (10, 
12}, At the same time, in the case of elements (T{ and Zr) for which P = 5 and higher, a x=phase separates 
from the liquid state by a peritectic reaction (11,13), Obviously, this would be expected In the sy:tems Re HE 
and Re Ta, the equilibrium diagrams of which have not yet becn.studied, In ternary systems containing no shenfum_ 
and in which a x «phase stable to the melting point is formed [3,5,6), the ratio of the atomic radil of the come 
ponents also fs in accordance with the rule stated above, For example, in the systems Mo Cr Fe, Ti Co™ Cty 
and Tim Cr Fe, the Mo and Ti atoms have atomic radii which are 9,9% , 15.4%, and 15, 9%, edi ee as : 
than the average of the atomic adil of the remaining two elements, 
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However, it would not be correct to assume that 
the existence and stability of a x «phase Is wholly cone 
trolled by the size factor, One must also take Into account 
the effect of the electron concentration in a manner 
similar to that which fs well known in the caseof o-phases 
{2}. A connection with electron concentration {s discemed 
flrst of all in the selection of the elements forming a x@ 
phase. One of the components (as in the case of o-phase) 
must belong to Subgroup VILA or Group VIII, while the 
remaining compohents belong to Subgroup IVA, VA, of 
VIA, This provides for the x=phase an electron cone 
centration close to 6,57 electrons/ atom, There has 
already been noted a rule [15] according to which the 
composition of ‘a x ~phase corresponds to a higher electron 
concentration than does the composition of a o-phase 
(when these compounds are formed In a single system), 
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In a number of transition metal systems, o-phases 
exist together with x phases, and this permits establishmer 
of a specific connection between these compounds, On 
the one hand, there {s a similarity in the distribution of 
the atoms Ia the unit cell [3,16], and on the other hand, 
the compositions of the g= and x -phases obey the 
electromconcentration rule mentioned above, As may. 
be seen from Figure 1, the existence of o-phases In 
thenlum binary systems cannot be related solely to the 
TABLE 2 size factor, since the formatica of o-phases occurs at 
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It can be stated, however, that when the size factor 
{s close to Ho, Le, whealt fs close to the value of the 
fateratomfe distances In a-Mn (Table 1), the tendency 
towards the formation of a o-phase decreases and the 
tendency toward the formation of a x ~phase simultaneous! 
increases, Thus, a o-phase !s not observed fn the systens 
Re => Ti{11), and the o-phases in the systems Re~Nbd and 
and Re Ta are stabte only from the melting polnt to 
t> 1200° C(9). Consequeatiy, the formation of a o-phas 
is supressed under these conditions, since the structure 
of the x «phase 1s preferred at this value of the size factor, 
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From the above, the following observations relative to the natuse of x -phases may be made, The formation 
of x «phase in binary systems of rhenium with transition metals proceeds whea the second component belongs to 
Subgroup IVA, YA, or VIA of the periodic system and possesses a greater atomicradius than rhenium, In this 
appears the duat nature of these phases as compounds whose existence and stability depend to an equal extent on 
the size factor and the electron-concentration rule. The conformity of the chcmical composition of the x =phase 
to a specific structural formuta, which, in turn, fs dependent on the dimensions of the com,onent atoms, Indicates 
the similarity to Laves phases, In addition, by some criteria x -phases approach o~=phases, the existence of which 
is, to a great extent,connected with the electron concentration, Thus, x as occupy an menmleliete position 
between Laves and o-phases, 


However, distinctions between both of the-latter phases and x phases should be pointed out, It fs characterist 
that x phases are significantly less widespread than Laves and o-phases, According to the Lterature, only rhenium 
is capable of forming binary compounds with a structure of the type of a=Mn, This fs indicative of the more 
vigorous conditions limiting the number of metallic systems in which compounds of this type can be formed, The 
exceptional tendency of rhenium toward the formation of x -phases fs probably attributable to the fact that this 
metal belongs to the same subgroup of the periodic system as manganese, . "* 








, It fs further known that the compositions of a-phases crystallize 
ing {n binary and ternary systems differ depending on the positions of 
the components in the periodic system of D, L Mendeleev, An ace 
cepted explanation of this 1s that o-phascs, like ordincry electron 

* compounds, are characterized by a definite concentiatlon of outer 

-aiaret electrons and electronic vacancies, The composition of x «phases 

corresponds approximately to a constant structural formula in all 
systems, which shows the lesser effect of clectron concentration, 
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SYNTHESIS OF SOME TRIETHYLSILOXYALKOXYTITANES 


Corresponding Member AN SSSR K. A. Andrianoy 
and V. ¥. Astakhis. 


Tetrakis{ trialxyl(aryl) sfloxy}tutanes have been described in the Mterature [1~4], Compounds which contala 
both trlalkylsfloxy and alkoxy groups have not been studied, 


As has been reported In the Iterature, the ulalkyl(aryl)sfloxy groups in tetraki{tclalkyl(aryl)sfloxyJtitanes * 
are quite stable toward hydrolysis Incomparably more so than are alkoxy groups Mnked directly to the titanium, 
Therefore, it appeased to be of Interest to study the properties of compounds containing both trlalkylsiloxy and 


alkoxy groups, 


In 1958, one of us described the synthesis of trlXtrimethylsiloxy)butoxytitane by esterification of tris(trle 
methylslloxy)utanium chloride with butyl alcohol 1}; dis is the sole known member of this class of compounds, 
However, owing to the difficulty of obtalaing trlalkylsiloxytitanium chlorides, sals method fs not very practicable, 
Therefore, the possibility of synthesizing wiethylsiloxytitanes by the direct interaction of er with butyl 
orthotitanate and propyl orthotitanzte was studied ia the present investigation, 


In spite of the report In the Mterature (3) that the reaction between butyl orthotftanate and triphenylsilanol 
proceeds with compiete replacement of all butoxy groups by triphenylsfloxy groups, we were able to show that 
when trlethylstlanol {s reacted with butyl orthotltanate and propyl orthotitanate in the presence of metallle sodlura 
as a Catalyst, transesteiffication proceceds with the formation not only of tetrakigtrlethylsfioxyjiltane, but also of 
products of varying degree: of substitution depending on the ratio of the reacting components, 


The Interaction of butyl orthotltanate and of propyl orthotitanate proceeds according to the equations 


bi 
TI(OR)s +- n (CiH,);SIOH —-» [(C2113)sSiO], TI(OR),_, + aROH, 


where R Is C,H, o¢ C.Hg, and n fs 1, 2, 3,087 4. . 


In the course of the study of this reaction, we obtained trls (trlethylsfloxy)buroxytitane fn a _ of 46% 
of theoretical, bis(trlethylsiloxy) dibutoxytitane (34%), and bis(tricthylsiloxy) clpropoxytitane{21%), The physical 
constants, ylelds, and analytical data for these triethylsiloxyaikoxytitanes are eae ia Table 1, The stability 
of these compounds toward hydrolysis was studied, 


EXPERIMENTAL PART 


1, Synthesis of bis (trlethylsiloxy)dibutoxyitane, 105.6 g (0.8 mole) of triethylsflanol with a b.p. of 70/18mm, 
ny 1.4338; 136g (0,4 mole) of butyl orthotitanate, b.p. 165-167°/4 mm, nf) 1.4924, and 0,02 g of sodium were 
placed In a flask fitted with a Vigreux column, The mixture was slowly heated, the temperature of the overhead 
vapors being maintained below 118%, 54.2 g (91.7%) of butyl alcohol distilled within the temperature range of 
118-120, The remaining material ae fractionated d under vacuum, and 61,2 g (34%) of bis (triethylsiloxy)dibutoxye 
Utane was obtained; bp, 182°/4 mm, rr 0.9517; 0D 1,4758, 





2. Synthesis of triftriethylsiloxy)butoxyiftane, The reaction between 68 g (0,2 mole) of butyl orthotitanate. 
and 79,2 g (0,6 mole) of trlethylsilanol in the presence of 0,015 g of sodium was carried out similarly to the 
Preceding reaction, 39,9g (907) of butyl alcohol distilled at a temperature of 117-119, The remaining materiale 
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133,94 $3,26 | 10, .25 | 10,27 | $2, y .28110,83 
159,93 51,79 | 10, .23 | 9,43 1 51, , 4] 9,33 
126,63 60,10 | 46, 431 49,28 | $0, 08 | 94,28 















































Note. 13 ((CNs),S10},THOC Hy), 5 IE = ((C,H5),S10], TOC Ny 5°, Il ((C,H1g),S10}, TOC Hy)» 


was distilled under vacuum, and 47,3 g (40%) of Staph yationy inctagitine was en b.pe —s 3mm 
ei” 0,9378 3 nD 1,4687 , ; 


3, Synthesfs of bis(trlethylsfloxy)dipropoxytitane, A mixture of 113.6 g (0.4 mole) of propyl orthotitanate 
105.6 g (0.8 mole) of ulethyisilanol, and 0,02 g of sodium was gradually heated, the temperature belng kept below 
9% 45,7 g (95%) of propyl alcohol distilled, The remaining materlal was distilled under Vacuum, : and 36,1 ¢ 
(21,07) of bis(trlcthylslloxy) dIpropoxyutane was obtained; b.p, 144+146°/1.5 mm; di? 0,9680 5 nb 1,4800, 


a: 


Ali of the syntheses were carricd out under conditions such that atmospherle molsture was excluded, 
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THE STANDARD HEAT OF FORMATION OF BORON OXIDS 


G. L. Gal’chenko, A. Ne. Kornilov, B. I. Timofeer, 
and 3. M. Skuratoy 


M, V. Lomonosov Moscow State University 
(Presented by Academician V. N, Kondrat*ev, April “, 1959) 


The standard heat of formation of B,0, is a fundamental value fn the thermocheralstry of boron compounds, 
Its determination is attended by considerable experimental difficultles, as a consequence of which the values fa 
the Mterature [1-13] are not fn good agreement (ranging between extremes of 270 to 368 kcal /mole), The selece 
Von of 2 reliable value {s not possible, since in part of the work {1-2] It {s impossible to evaluate the errors due 
to side reactions, and in the other part (10-13) there fs no information permitting an evaluation of the results, 


The present paper reports an experimental determination of this value by three independent routes, — 
led to the samme result (within the ifmits of error of the measuresnents), 


The calorimeisle determinations employed two samples of amorphous boron containing only traces of the 
crystalline modification, After the removal of adsorbed gases, the fcllowing impurities were found in Sample 1:0, 
0.237; H, 0.12 % 3 N, 0,005% 5 and total Ca, Mg, and Cu, about 0,01%; Sample 2, which was prepared fn ths 
same manner as Sample 1, contained 99.3% 4 0.4% boron and was “spectroscopically pure® 


EX JERIMENTAL PART 


1. Combustfon 2f boron fn oxysen, The combustion was carsied out without the adultfon of asubsidfary 
readily combustible materfal In otdcr to avold error duc to its incomplete combustion In the presence of boron, 
te Its possible Interaction witt: boron at high temperztures, and to the uncontrolled hydration of BO. The exe 
periments were carried out as follows: a welghed sample of C,17-0,25 g of borou (Sample 2) in a quartz crucibles 
was heated {n the boinb calorimeter for about 3 minutes at 1000 under ar oxygen pressure of 7 atm; a small 
electric heater was employed for this purpose, 35-40% of the toron burned, The amount of boron oxide formed 
was caiculated from the results of the wefghings of the crucible contafaing the material before and after the 
experiment® «under conditions which excluded hydration) and from the determination of the small amount of 
oxide (0,3-1.7%) which vaporized during the experiment (the boron oxide deposit on the internal parts of the 
bemb was dissolved in water, and the solution was titratedwith base in the presence of mannitol), 

e 





Analysis of the experimental data established that only one oxide 3,0, ~ was obtained by the combustion 
of the boron and that the error due to combustion of any hydrogen contained in the boron could be neglected, 
Five determinations establisheds 


BHP BOs ayassy = — 298.7 £ 1,8 keal/mote 


Here and in the remainder of the text, the value AH*, refers to 9 = 25° andP =1 atm 3 1 calorie was taken as 
4.1840 absolute joules; the crystalline state was takea as the standard state for borons for the conversion Bamo,,® 
Borys, » OH = 0,4 kcal /mole(14}, The error in the results Is expressed as the root mean square erfot, 


* The determination of boron oxide by treatment of the reaction mass with water and subsequent titration of the 
boric acid Js unreliable owing to the difficulty in complctely extracting all of the oxide, 
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2, Direc? determination of the heat of formation of boron nlirlde® and calculaston of au’, of 2,0, using 
the reflably established value for tie heat of combustion of boron nitride (18), The reactlon between Loron and 
nitrogen fs sultable for calorimetry, sluce It snot accompanied by side ‘rcactlons~ only one boron nitride, BN, fs 
knewn 3 small amounts of O, H, and N in the boron samples do not Interfere with the determinatlon; and boroa 
nitride fs not hygroscople, 








- The reaction was carried out In a bomb calorimeter, fitted with an electric heater, under 10 atm of nitrogen 
free of oxygen and ater, A welghed sample of 0,2 g of boron (Sample 1) was heated in the quartz crucible at 130¢ 
for about 3 minctes, Under these conditlons, about 40°% of the boron was converted to the nitride, The amount 
of boron nitride formed was calculated from the results of welghings of the crucible containing the substance before 
and after the experiment, Xray investigation of the reaction product established the presence of only one crystal 
structure. = the hexagonal modi ficatiou of BY, 


The following value was obtained frons elght determinatfonss , 


ae 
SH BN-= — 60,7 +.0,34 keal/ mote 


Combining this result with MH = -90,2 kcal /mole for the combustion of boron nltride [18], we haves 
SF B,Oy glass = — 301,8 + 1,4 keal/mole . 
3. Direct determination of the heat of formation of BCI, and calculation of AH", of B.0, wing rellable 


values for the heat of hydrolysis of BC1; [19]. the heat of solution of 2,0, [20], the heat of formation of H,0 ané 
ef a solution of HCl of the appropriate concentration {14}, 














Only BCI, ts obtained from the interaction of boron and chlorine, and the BCI, does not form compounds 
with hydrogen chloride {21}, which fs always present 2s an Impurity In the chlorine, The experiments were carried 
out as follows: a weighed sample of 0,050.2 g of boron (Sample 1) in the quartz crucible was heated In the bomb 
calorimeter by means of the electric heater for 7-10 minutes at 450-SOM under 6 atm. of carefully dried chlorine, 
After the removal of the gases fom the bomb, the amount of unreacted boron, which usually comprised 0,2+0,3% 
of the orlginal amount of boron, was determined by welghing the quartz crucible, The measured heat effect was 
adjusted by the Introduction of a small correction (1 calorie) for hydrolysts of the BCI, during the experiment, 
Depending on the initial amount of boron, arter the reaction the bomb contained only Bol,, or a mixture of BChy 
with a constant amount of BCt;.g (bomb volume wes 260 cc), From the zesults of the experiments, we found (after 
T determinations, a after Sdetcrminations, b)s 


- 4 Al, BCL 177 102,9 +0,6 keal/mole 
b SH4 BCL = — 97,0 0,7 kea/mols- 


Using aut ECl,y and carrying out the calculation indicated above, we haves 


AHP B,0, gan” — 301,6 4. 1,2 keal/mole 
A Uduid calorimeter with an fsothermal Jacket was used In all three routes, The temperature rise was 
measured with an calorimetric mercury thermometer with an accuracy of 22°10 degrees, The bomb heater 
was constructed from calcium monoaluminate (first method) or from alundum and clay (second method); the heating 
element was platinum, The quartz crucible or cell which contained the substance under investigation was protected 
from reaction with the furnace material by means of a platinum jacket, In the third route, the heater was construce 
ted from Pyrex glass in the form of a small Dewar vessel, between the walls of which was placed a constantan heating 
element; the bomb was coated with silver covered with AgCl and had a nickel cover, In the first route, the elece 
trical energy used by the heater was determined by the method described by Neumann, Kroger and Haebler {22} 
(an empirical calibration equation); in the second route, the electrical energy was determinedbymeans of 3 
specially developed apparatus, the basic elements of which are alternating curreat of high accuracy®% The usual 


* The Iterature values of AH®, of BN were obtained by Indirect routes [4,15*17), and are not rellable, 
°° A description of the apparatus will be published {n theJournal of Physical Chemistry,- ° 























potentiometrle was used in the third route, The calos!meterconstant was determined in the first two cases by 
determination of the heat of combustion of i a benzoic acid standard, and in the third case by an electrical method 
using the bomb heater, : 


‘The valucs of OH, of B,0; obtained in the present work by three independent methods are in good agreement, — 
within the Imits of experimental error , which indicates the absence of substantial systematic errors In each of the 
determinations, 


The welghted averages of the three results iss 


SH B,Os¢o assy — 901, 0,8 keal/mole(from Bop, and Op og) 
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SEVEN-COMPONENT RECIPROCAL SYSTEM OF 16 SALTS, 
Li, Na, Rb, T1 J Br, Cl, NOs, SOg, IN MELTS 


N. S. Dombrovskaya and E, A. Alekseeva . 


(Presented by Academician L, L Chernyaev, April 4, 1959) 


The Investigation of multicomponent systems has a greats! gnificance inthe study of natural and technological 
processes (thermal and thermochemical treatment of metals , heat carrlers,electrochemical production of Ught 
metals from molten media, nonferrous metallurgy, ete.) 


A complete study of multicomponent systems requires the expenditure of a large ammount of labor, Routes for 
a simplcr solution of questions sclating to reaction in multlcomponent systems were pointed out {a the thirtles by 
N. S, Kurnakov {n his papers on triangulation and on singular stars® In ciiemical equilibrium eer and in the 
papers of his co-workers (14), 


The composition of weeny systems Is represented geometrically by means of n-dimensional poly. 
topes. 


The fcllowing component systems*®® enter Into the composition of the seven-component system studied {a the 
the present work, Li, Na, Rb, Ti Dl Br, Cl, NO;, SOg 8 


16 single-component systems of the type AX 

48 binary systems of the type AX ~ BX 

32 temary systems of the type AN X,¥,2 ~ 

36 ternary reciprocal systems of the type A, BEX, ¥ 

8 quaternary systesns of the type A 1xX,Y,2,.T 

48 quaternary reciprocal systems of the type A, B 1X, Y,2 
12 quinary reciprocal systems of 8 salts A,B X, ¥,2,F 
16 quinary reciprocal systems of 9 salts A, B,C [x72 
8 six-componcnt systems of 12 saJts A, B, C 1x.Y¥.2,T 


Finding a singular star, A singular (equilibrium) star $s determined by the stable dlagonals of ternary 
reciprocal systems, by the stable diagonal triangles of quaternary reciprocal systems, by the stable dlagonal tetrae 
hedrons of quinary reciprocal systems, ete,[(2,3,4) 





In practice, It Is satisfactory to use tables of the indices of the vertexes of the polytopes used for the geometrical 
representation of the compositions of multicomponent systems ; the vertex Indices are determined by aa numbez 
of stable diagonals passing through a given polytope vertex, 


In Table 1 are presented vertex indices for reciptocal systems from six, elght, nine, and twelve salts, 


The composition diagram for the quaternary reciprocal system of 6 salts fs a prism (6, 8] which fs divided 
by two stable diagonal trlangles, having In common the most stable rib (of a singular star), into three stable cells-o 
tetrahedrons, 


The axis of the singular star is defined by the indexes 2-2 (here and in the remainder of the article, the 


* For a description of “singular stars®, see Chem, Abs, 30, 5861° (1936)~Trans, 
** A,B, and C are cations; X,Y, and Z are anions, 
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rig. 1, Siogular star of the reciprocal system of 16 salts: Li, Na, Rb, T1. 8 Bry Cl, NOs. SOs 


numbers of the first line are separated from thenumbers of dhereceoeitaigitnes " a hyphen); the nina 
trlangles are: 1) 2-213 2) 12-2, 


The composition diagram of the quinary reciprocal systein of 8 salts{s a four-dimensional prismof the first 


type (5) divided by three diagonal tetrahedrons with a common rib (axis of the singular star) into four stable cells = BS 


pentatopes, The axis of the singular star 1s defined by the indices 3-3; the dividing tetrahedrons are: 2) 3-321, 
2) 123-3, 3) 32-23, For the quinary reciprocal system of 9 salts, the composition diagram Is a four-dimenslonal 
prism of the second type [2,6,7}. There are five possible typcs of division of the prism, A, B, C, D, and E, The 
indices for type A are presented in the Table, Moreover, the four-dimensional prism of the second type Js divided 
by six tetrahedron:, of which four have a common trlangular base~ the most stable “basal” triangle, which fs 
defined by the Indices 4-3-2 the dividing teteahedrons are: 1) 24-93-38, 2) 4-2-3839" » 3) 24-39-32 4) 4-31-39 
8) 4=32-3°, 6) 4-3-373"5 the stable cells are 6 pentatopes. . ‘ 
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TABLE 1 Li the slx-component reefprocal systera of 12 salts, the 
composition diagram 4s a flve-dimenstoral prism of the second 
type (4). The indices for Type 4C® are presented in the ; 
a Deans tables the slagular star consists of three sings containing 10. 
"ae ax J stable cells — hexatopes — divided by 12 pentatopes, Three 
S|Vv¥iz itis, tetrahedra, . which are “basal® for each ring, have in common 
the most stable rib, The stzble elements are defined by. the 
iotiening indices: rib, 6-6; basal tetrahedronss 1) 46-36 » 
Reelprocal system of || Reciprocal system of 2) 6-3°3°-6, 3) 6-346, - 

6 salts 9 © AB, 

A, BX Y. Z Cuix.¥,Z. Typed 
ALO PS] 24- p24 
4/2)! : 3 142 
od bd he ; 4 : The composition diagram of the seven-component 

reciprocal system of 16 salts, Li, Na, Rb, T1 Br, Cl, NOge 
a ahs Bi 1 salts carers SO, , is a six dimensional polytope (4), The vertex indices | 

A, 3 ; x ¥,2,T X.Y, Z.T: . for this polytope are presented in Table 2, The singular sts 
AlLOT41221316 contains the most stable “basal” tetrahedron 9-5-5-9, LI,SO, 
HI212)1)0]6 12 “NaCl = RDNO,-TIBr(flrstreporsted by V. ?. Radishchev), whicd 
EPS] 3] 3] 3 [2 12 {s found in the center of the cube and fs common to all siz 

| = pentatopes {n the centers of the cube faces; 12 basal peatatopes 
are located in the center ef the square rings; 30 hexatopes are 
disposed at the center of the rlb; 20 pentatopes are located 


at the vertex of squares and two extensfona, 


Vertex Indexes of the Reclprocal System 
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hectubanal system of 16 salts, Li, Na, Rb, TIP. 
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TABLE 2 





Similar tables of indices defining the number of unstable 
diagonals of ternary reciprocal systems, the diagonals passing 
tl -ugh the vertexes of polytopes, permitted us to nd the 
nonequilibrium tetrahedron In the system of 26 salts, I: was 
formed by the salts LIBr~T1, SQ,-RbCl-NaNO,, which actively 
interect forming, as reaction products, salts which Ife at ths 
vertexes of a stable tctrahedron, oth tetrahedrons are disposed 
in the six-dimensional space of the dlagram ia a manaesz such 
that they fatessect each other along the conversion line epee. 
to the equatfons 























LiBe }- NaNO, + RUCI + £T1S% - 5-159 4 NoCi 4- RbNO, + TIBr. 
The singular star of the system of 16 salts Is presented in Figure 1, Attention {s directed to the presence Is 
the star of a twofold symmetry with a centes of symmetry, 


The indices of all symmetrical elements of the diagram are equal in absolute value and {fn the sum of the 
indices of the reciprocal pairs; the edge pentatopes In the extensions 0369-3-6-9 ond 9-6-3-9530 and at the 
vertexes of the cube are opposed along the diagonals 69-5-645-9 and 9-546-569, ete, The observed symmetry 
considerably facilitates the construction of the singular star, 


On the basis of an experimental dciermination of the melting curve of the system L1,S0,-NaCl-RbNO, *T1Be, 
1; was established that the reciprocal system Li, Na, Rb, T1 1 Br, Cl, ™ SO, can be assigned to the class of 
reversible reciprocal vo. 
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Ecters of dialkylthioborinic acids, which have been obtained by one of us and Yu, N, Bubnoy by the actos 
of sulfur (1) or mercaptan [2] on trialkylborines, are very reactive compounds, useful for the synthesis of various 
organic compounds of boron, In this connection, It eppeared to be of considerable interest to prepare esters of 
alkylthfoboronic, arylthfoboronic,and diarylthioborinfe acids and 9 study thelr behaviors with respect to different 
reagents, 


The only known esters of aliphatfe thioboronfe acids are the dimethyl ester of methylthfoboronte acid, pree 
pazed by the Interactfon of t:lmethyl thioborate and the methyl ester of dimethylthfoborinie acid [3], the didodecyl 
ester of B~chlorovinylthioboronic acid, synthesized by the actlon of dodecy mercaptan on the dimethyl ester of 
6 -chlorovinylboronie acid, and the octyl ester of B -chlozovinylchloroborints acid (CICHCHKC1)SC.Hj7), prepared 
by the actlon of octyl mercaptan on Bechlorovinylboroayl dichloride (4), Of the esters of aromatic=substituted 
thio acids of bozen, only the dl-n-amyl esterof phenylthfoboronis acid has been described; this compound wes 
obtained by the Interaction of phenylcichlosoborine and sodium n-amylt mercaptide (5), 


We found {1} that di-n-butyl esters of alkylthloboronic aclds are obtained In good ylelds by refluxing alkyle 
dichloroborines and aikyld{bromoborines with n-butyl mercaptans 


RiBX,; + 2a-C,H,SH = RB(SC,H,-0); v 2HX 
(5) 
R = n-C,H;, a C,H). {so CHy33 A = Cl, Br. 


The di-n-butyl ester of ee acid voted was ebtained by the same method from phenyldichloros 
borine 3 


C,H,BCI, -F 2 o-C,H,SH = C,H,B(SC,H,-0), + 2HCI 
(il) 


Diphenylchloroborine and die a-naphthylchlorotorine react analogously with n=buty! mercaptan, forming 
the comesponding n-butyl esters of diphenylthloborinic acid (II, Ar = Cog) and di-a-naphthylthloborinic acid 
(1,Ar = &=Cy9H;), _° 

Ar,BCI -+- 2-C,H,SH = Ar,BSC,H,-a -- HCl Ar = Co aC, eH 
(il) 


All of these organic thio acids of boron are highly reactive, which permits thelr conversfon to other, diverse 
classes of organic boron compounds, Dicsters of alkylthioboronic acids are smoothly converted by the action of 





























ethylenediamine to cyclic compounds~-2-atkyi-2-boro~1,3~dlazolldines cet amiais +3,2-dlazoborolldinc}— 
accompanied by the liberation of n-butyl mercaptans 


/NH—CH; 
RB(SC,H,-2), -+- NH, (CH;), NH, =: Rog cy, + 20 -C,H,SH 


R =:n -C,H;, {so — (iV) 


This route wat used tu synthesize 2-propyl-2-boro-1,3-dlazolidine (IV-,R 2 n-C,i;) and 2-Lsoamyl-2~ 
boro-1, 3-diazolidine (IV, R = lso-CsHy,) which are Mquid materials, The methyl derivative of 2-borodiazolidine 
(mp. 42°) was prepared by Goubeau and Zappel (6) by heating trimethylborine with ethylenediamine at 440°, 


Itshould also be mentioned that 2-lsoamyl-2-borodfazoildine 1s obtained by the action of ethylenediamine 
on {soamyldichtoroborine; howeveg we were unable to prepare the n-propyl derivative of Sreneneeene by 
this method, 


Esters of alkyl- and arylthioboronle acids are converted by the action of ammonia In the cold into the 
corresponding Betriatkyl- or B-trlarylborazoles(V), From the di-n-butyl ester of fsoamylthioboronic acid was 
obtained Betrllsoamylborazole (V, R = {so-C,Hj,) In 88 % yleld, previously psepared by us by the action of ame 
monia on Ssoamyldichloroborine (7) with a yield of 49%; B-triphenylborazole (V, R 2 CgH;) was readily formed 
by the action of ammonia on the ester of phenylthfoboronic acid, 


3RB (SCyHy-n), -+ 3NH,=(BBNH), -62-C,H,SH R= ts0 -CyHys. CH. (V) 


The reaction between the ester of phenylthioboronic acid and dlethylamine proceeded In orly one direction 
with the formation of phenylbis (dicthylamino) borine (VI) In 807 yield, while the amino compound was obtained 
{n only 14% yleld from phenyldichloroborine (8}, 


C,H,B{SC,H,- 1); 4- 2 (CzH,); NH = C,H,B[N (C.H,)21, + 20-C,H,SH. (V1) 


The n-butyl ester of clphenylthfoborinic acld was converted by the action of n-butylamine to dipheaylbutyle 
aminoborine ‘ Vil) in 80% yield : 


(C,H), BSC,H,a + Re C,H,NH, zs (C,H,),BNHC,H,-tso 4- a-C,H,SH (VII) 


Esters of diphenylthfoborinie and die «-naphthy!zhfoborinic acids react with aramonia in the ccld, forming 
respectively, dipheaylaminoborine (VII, Ar = GH) and di-x -naphthylaminoborine (VII, Ar = % -C;,,H;) In good 
yields 


Ar,BSC,H,-a 5 4° 3 NH; = Ar,BNH, 4- a: -C.1,SH Ar = CH, ae -C,, ge 
(Vill) 


° FXPERIMENTAL PART 
AU operations were carried out In a nitrogen atmosphere, 


Dien-butyl ester of n=propylthfoboronic acid (I), R = n-C,H;. To 20,5 g (0,096 mole) of n-propyldibromoe 
borine, prepared by the action of horon tribromide on n=propylboronic anhydride, was added 23 g (0,25 mole) of 
g-butyl mercaptan, The reaction was exothermic, Upon completion of the addition of the n-butyl mercaptan, - 
the reaction mixture was refluxed for 13 hours, The excess n-butyl mercaptan was distilled, and ¢ distillation of 
the residue under vacuum gave 22,4 g (90 %) of a material with a b.p, of 149-15 at 13 mm, a? 0,9106 : 
nb 1.4954, 


Found %< C56;56,83;83°H 10,92; 10,80 CyHBS;. Calculated es C 56,88; H 10,85, 


Dien-butyl ester of n-butylthicboronte acid (I), R=n-C.Hy. Ina similar manner.but with a refluxing 
time of 15 hours, from 21,7 g (0,095 mole) of n-butyldibromoborine, prepared by the action of boron tribromide 
on n-butylboronic anhydride, and 25 g (0,28 mole) of n-butyl mercaptan was obtained 20,7 g (88.5%) of the die 
fetes i ester of n=butylthioboronic acid, bp, 148-150 at 7 me 0, 9045 ’ nj’ 1,4936, 


© Asin original» Publisher, ° 

















Found or GC 58,38; $8.71 5 H 11,02; 11,09 CygHaBSy, Calculated Yo: C 58,51) 11 11,05, 


Dien-butyl ester of isoamylthloboronte acid (1), R= Colage Upon refluxing for 13 hours 22,5 g (0,147 mole) 
of fsoamyldichlozoborine (7) and 38 g (0,42 mole) of n-but i mercaptan, there was obtained 30,6 g (80%) of a 
substance with a b.p, of 153,5-154° ai 6 mm, aj” 0,8988; np 1.4871. 


Found %: 60,13; 60,20; H 11,27; 11,24 CysHzBS,. Calculated %: 59.98; H 11,23. 

Di-n-butyl ester of phenyl thioboronic acid (iI), A mixture of 28.3 g (0.178 mole) of phenyldichloroborine 
and 33 g (0.369 mole) of n-butyl mercaptan was refluxed for 7 hours. The unreacted butyl mercaptan was distilled, 
and the residue was fractionated, There was obtained 25.14 (53 %) of the di-n-butyl ester of phenylthioboronie ° 
acid, b.p. 137.5-138.5° at 1.5 mm, d,” 0.9865, nb 1.5464, 


Found%: C 62,18; H 8,89; B 4,42 CyHyBS, Calculated %: C 6315; H 8,74; B 4,06, 








n-Butyl ester of diphenylthfoborinic acid (Il), Ar=CcHs. A mixture of 10 g (0,05 mole) of diphenylchloroe _ 
borine {11} and 4.5 g (0,05 mole) of n-butyl mercaptan was heated at 100-120 for 3 hours, The reaction mixture 
was distilled, and 8.4 g (69%) of the n-butyl ester of diphenylthioborinic acid was obtained; b.p, 178-180 at 7 mm 
dj 1,001; nf) 1.5872, . 


Found %: C 14,48; 74,58; H 7,74; 7.66; B 4,35; 4,20; $ 12,41; 12.57 CygHy,BS.. Calculated $s C 75.5% 
H 1,53; B 4,25; $ 12,61, 





n=Butyl ester of di-a-nsphthylthioborinic acid (I), Ar = a-C;oHy. 6.5 g (0,07 mole) of n-butyl mercaptan 
was added'to 21,6 g (0,07 mole) of diva -naphthylchloroborine (11) dissolved {n 15 ml of benzene, Reaction took 
place at room temperature, After an hour, the solution was heated at the bolling point for 1 hour, The sclutioa 
was then distilled, and 20.3 g (80%) of the n-butyl ester of dl- a-naphthylthiobosinic acid was obtained; the 
compound, a light-yellow viscous ofl, had a bp. of 245-247, at 2mm, 


Found J: C 81,56; 81,59; H 6,62; 6,63; B 3.37; $ 8.17 CyHpBS. Calculated Ss C 81.35; H 6,54; B 205 
$ 9,05. 


2elsoainyl -2-bor0-1,3edlazolidine [{2-fsoamtyl-1,3,2-diazobozolidine} (IV), R=iso-CHy. 1) To Ice-cooled 
dibutyl ester of lso2zmylboronic acid (11.6 g, 0.024 mole) was added 2,68 ¢ (0,034 mole) of ethylene diamines 
evotutZon of heat was observed, The reaction mixture was then refluxed for 2 hours (bath temperature, 156°, After 
istllation of the n-butyl merezptan (7.2 g or 90%), the residue was distliled under vacuum, There was obteined 
5.5 g (85, 5%) of 2-lsoamyl~2-boro-1, 3-diazolidine in the form of a colorless, viscous i’*1d with a b.p. of 80-81° 
at 12mm, dj’ 0,9165;a 1.4872, 


Found So; C 60,07;60,30; H 12,49; 12,40; B 8,03; 8.08 C,Hy;BN; Calculated %: C 60,033 H 12.2433 7.72 
Molecular weight: 146; calculated, 140, 








2) 14 ¢ (0.09 mole) of lsoamyldichloroborine was dissolved, with cooling , in 60 mi of ether, and to the 
solution, at 25°, was added 11 g (0.18 mole) of ethylenediamine in 20 ml of ether, The reaction mixture was 
stirred at room icmperature for 2 hours, and the precipitated ethylenediamine hydrochloride was filtered and 
extracted with boiling cther. Aftcr distillation of the solvent, the residue was distilled, There was obtained 9.9 g 
(77.4%) of 2-isoamyl-2-boro=1, 3-dlazolidine with a b.p, of 80-81° at 12 mm, 


2-n-Propyl=2-boro-] ,3-diazolidine (IV), R = n-C,H;. A mixture of 14,09 g (0,064 mole) of the dibutyl <s 
of n-propyl boronic acid and 3,85 g (0,004 molec) of ethylenediamine was heated at 140-150" for Showa. Thee 
was obtained 6 g (83.6%) of 2-n-propyl-2-bor0-1, S-diazolidine with a b.p. of 67-68° at 25 mm. di® 0.9406 » 
nj 1,4941, 





Found%; C 53,43, 5383; H 11,86; 11,84; B 9,59; 9.41 C.H);BN, Calculated %: C 53,62; H 11,698 
B 9.66, : 


B-Trifsoamylborazole (V), R 2 lso-CsHj3. A stream of dry ammonia was passcd for 40 minutes Into the 
Cibuty} ester of isoamylthioboronic acid (10,3 g) at room temperature, The temperature of the rcaction rilxture 
10:¢ to 40-S" duc to the exothermic heat, After distillation under vacuum of the n-butyl mercaptan (6 g, 84.5%), 
Clstillation of the residue gave 3,35 g (87.7%) of B-triisoamylborazole (7) with a b.p, of 114=115,5° at 0,1 mm, 























B-Triplicnylborazole (V), R 2 Crlls . A stream of ammonia was passed for 15 minutes into a solution of 4,2 
g of n-butyl ester of phenylthioboronic acid in 6 ml of benzene , The benzene andn-butyl mercaptan were distilled 
under vacuum , and the sesulting crystalline precipitate was washed with Lsopentane, There was obtained 1.5 g 
(95%) of B-triphenylborazole, which, after recrystallization from a mixtureof ben2eue and Isopentane, had 
an m.p, of 178-180 (ia scaled capillary) (8). + 


Phenylbls (dlethylamino) borine (VI). A mixture of 9.9 g (9.037 mole) of the di-n-butyl ester of phenyle 
thloboronie acid and 6.1 g (0,034 mole) of dicthylamine was heated at 90-95° {cr 5 hours, The unreacted dlethyle | 
amine and the butylamine formed during the rcactlon were distilled under a slight vacuum, an the residue was 
fractionally distilled, There was obtained 6:9 (80%) of phenylbts(dlethylamtno)borine wath a ber. of MIT" 
at 25mm, Alter a second distillation, the substance had a b.p. of 115,5-116,5° at 2.5 mm,dj° 0,9406, np i. 5123, 








Diphenyllsobutylaminoborine (VI), A mixture of 6.9 g (0,027 mole) of the n-butyl ester of diphecyithtobcrinke 
acid and 2 g (0.027 mole) of n-butylamine was heated at the bolling point for an hour, Distillatfon gave 5.25 g 
(80.7%) of diphenyllsobutylaminoborine with a bp, of 161-169 at 3 mm, nf 1,560. 





Diphenylaminoborine (VIII), Ar = C,Hs. A stream of dry ammontla was passed for 1 hour into a benzene solutios 
of 3,3 g of the n-butyl ester of diphenylthioborinic acid at room temperature, A slight evolution of heat was 
observed, and a colorless crystalline precipitate formed, There was obtained 2 g (85,4 *) of diphen,taminoborine 
with an mp, of 141-142 (sealed capillary), 


Found %3 C 79,15; 79,36; H 6,66; 6,61; B 5,95; 5.79; N 7.61; 7.52 Cy,!,5N. Calculated fo: C 79,60; H 6,68 
B 5,97; N 17.73. 


Molecular welght: found, 187, 185.7; Calculated, 181, 4 


Di- aenaphthylaminoborine (VTIt), Ar = a-C,:H;. A stream cf ammonls was passed for 30 minutes Into 8 
benzene solution of 1,8 g of the n-butyl ester of dl-a-naphthylthlotoriniec acid, A slight evolution of heat was 
observed, A part of the benzene was distilled from the reactloa mixture, and lsopentane was added, There was 
obtained 1 g (10% jo) of diea-aaphthylaminoborine with an m.p, of 113-114", 


Found S23 B 3,55; 3,99; N 4,97; 4.96 Cp,HigBN. Calculated %: B 2.84; N 4,98, 
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As was found by one of theauthors of the present article, A. N, Nesmeyanov and E, Ts, Chukovskaya, fro 
pentacarkonyl {fs an {nitiator for the addition of silanes to olefins [1]. On the assumption that this fs homolytie 
reaction, it appeared to us to be of interest to investigate the possibiiity of using fron pentacarbony! as an initfatog 
for the reaction of ethylene with polychlorohydrocarbons and certain of thelr derivatives, It was found that In the 
presence of fron carbonyl at a temperature of 100-130 and a pressure of 15C~200 atm , ethylene smoothly undergoes 
telomerization with carbon tetrachloride and chloroform with the formztion of aa, a,w etetrach!oroalkanes, 

_ in the first case, and a, a, atrichloroalkancs, in the second, Closely similar values of the converston of the 
polychoromethanes and of the ratfos of the yields of individual tclomer homologs were obtained fn experfments 
carsled cut under comparable conditions but using fron pentacarbonyl o; benzcyl peroxide as reaction Initator,  ¢ 


One patent discloses the telomerization of ethylene with ethyl trichloroacetate fn the presence of benzoy! 
peroxide, The reaction resulted in a mixture of products, from which were separated compoundshaving the formula 
C1(Cl!,CH;),CC1,CO;C,Hs in which a = lor 2. Howeve:, the patent gave no information on reaction conditions, 
conver,.on of trichloroacetate, or ratio of yiclds of the individual tclomers. In the presence of fron pentacarbonyti 
the telomerization of ethylene with ethyl trichloroacetate proceeds smoothly and can be recommended as a pree 
parative method for the synthesis of a a, w -trichlorocarboxylic acids containing an even numbcrofcarbon atoms ia 
the molecule, ; 


Atteni~?s to carry out the reaction between ethylene and certain other compounds contalning a trichloromethy! 
or a dichloromethyl group and also componds containirg a labile hydrogen atom were unsuccessful under the 
conditions studlec 


EXPERIMENTAL PART 


Telomerization of ethylene 2nd carbon tetrachloride, 236 g of carbon tetrachloride and 0,5 ml of froa 
pentacarbonyl were charged to an 0,5-liter stainless steel rocker autoclave, and the autoclave was then prese 
sured with ethylene to 80 atm, The mixture was heated to 95-100, at which temperature the reaction began g 
completion of the reaction was indicated by the end of the pressure decrease, At this poirt, the reaction mixture 
was heated at the indicated temperature for another four hours, 





After distillation of the unreacted carbon tetrachicride, the mixture of reaction products was fractionated, 
and the following fractions were coliecteds 


I 58-62 at 22mm, 8 g; Df 89-99% at 15 mm, 60 g; il 75-106 at 4 mm, 46 g; IV 120-126° at 3 mm, 15 gy 
residue 23 g, 


The following compounds were obtained by a second distillation of respectively, Fractions I, Ill, and It 


* The first fraction was not redistilled, 
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1,1,1,5-tetrachloropentanc, 53 g, ny 1,4870; a? 1.3494 3 MRg 44,54 ,MReale, 44,753 1,1,1,7-tetrae 
chloroheptane, 36 g, ny 1.4840, 7’ 1,2598 , MRy 54,05; MRcalc, 53,89 5 1,1,1,9-tetrachloropropane, 11 g, 
nf} 1.4825 dj’ 1.1981; MRy 63,36; MR cale, 63,03. . 


The above constants are in general agreement with those usually sited for a ,a,w -tetrachloroalkanes, 


Telomerization of ethylene with chloroform, The experiment was carried out in a manner analogous to 
that described above, 229 g of chloroform and 0,5 ml of fron pentacarbonyl were charged to the autoclave, and 
ethylene was introduced to a pressure of 50 atm, The reaction proceeded at a temperature of 130-140, The 
reaction products fiom two experiments carried out under anaiogous conditions were combined, After distillation 
of the unreacted chloroform, the reaction mixture was distilled, and the following fractions were collecteds 


I, 40-30 at 68 mm, 17 g; Il 15-36° at 67 mm, 32 g; UI 76-106" at 9 mm, 30 g; IV, 52-81° at 2 mm, 27 g, 
Residue 56 g. 


Fractions 11, HI, and IV° were distilted, and the following compounds were obtaineds 


"4,1, 1-trichloropentane, np 1,4540; o* 1,1871 3 MRg 40.03; MRcalc, 39.89; 1,1,1-t:ichloroheptane, 
nf} 1.4565; dj* 1.1221; MRg 49.35; MR calc, 49,12; 1,1,1-trichlorononane, njy 1.4580; dj” 1.0794 5 MR, 58,55, 
MR&cale, 58,32, ° 


The constants are {n general agreement with those usually cited for 1,1,l-trichloroalkanes, The structure 
of these trichloroalkanes was confirmed for trichloroheptane, hydiclys!s of which with concentrated sulfuric acid 
gave enanth!c acid In good yield, : 


Telomerization of ethylene with ethyl trichloroacetzte, The experiment was carfed out In a manner 
similar to the preceding, 125 g of ethyl trichloroacetate and 9,5 ml of {ron pentacarbonyl were charged to the autoclave, 
and ethylene was {ntroduced to a pressure of 70 atta, The reaction proceeded at a temperature of 130-235, Aftes 
distillation of the unreacted ester, the following fractions were collecteds 


1, 45-76 at 8 mm, 35 g; I 70-93° at 8 mm, 37 g; Ill, 90-115° at 4 mm, 44g; IV, 1172130 at 3 mm, 10g, 
Resfdue, 61 g, 








The following were obtained by redistillations; %4 g of ethyl a,a,y -trichlorobutyrate , bp, 86-87° at 
7.5mm, fry 1.4660; dj? 1.3058; MRy 46.52; MR cale, 46,16; 42 g of ethyl a,a,w-tzichlorocaproate » b.pe 
94-96 at 3mm, np 1.4660; a? 1,2465, MRr 55.61; M2 cale,55,40; 6 g of ethyl aa,w trichlorocaorylate, dp, 
lil-112 at 1 mm, nj} 1.4720, ay? 1.1349 3 MR¢ 65,13; MR calc 64,63 5 accepted values for these constants 
may be fowid In references (2, 3},°° 
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* . The first fraction was not redistilled, 
*® No reference (3) fs given in Literature Cited, 
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ON THE DESTRUCTIVE CATALYTIC HYDROPOLTMERIZATION 
OF ISOBUTYLENE - HYDROGEN MIXTURES 


Ya. T. Eldus and 5. K. Nefedov 
N, D, Zelinskif Institute of Organic Chemistry Academy of Sciences USSR 
(Presented by Academician B, A. Kazanskif, April 22, 1959) 


We have previously shown (1) that at a temperature of 190°, atmospherle pressure, and {n the presence of 
a catalyst for the hydrocondensation of carbon monoxide with olefins (Co-clay), lsobutylene, {n contrast to ne 
butylenes, polymerizes, but to a very slight extent; the yicld of quid polymerizate comprised 2-5 % of the olefia 
charged, It was simultaneously noted that the addition of hydrogen to the fsobutylene brought about a shasp increase . 
in the yleld of liquid polymerizate; the yield of polymerizate increased twofold with the addition of 0,2% hydrogen, 
The maximum yteld of polymerizate with respect to {sobutylene charged was obtained from an equimolar hydroges 
lsobutylene mixture; it was 18% at initial catalyst activity and 12% after 15 hours of catalyst use, 


This effect of hydrogen waz not observed during polymerization of isobutylene 1a the presence of claythe 
catalyst base=which, was more active fog this reaction than the Co-clay catalyst, 


The present work was devoted to a study of the effect of the concentration of hydrogen on the polymerization 
and hydropolymerizarion of {sobutylene, both quantitailvely and qualltatively, L.e., to determine whether ths 
course of the reaction fs changed with the formation of products differing not only in degree of saturation but siso 
{n carbon skeleton structure, For this purpose, products obtained unces the same conditions from fsobutylenee 
hydrogen mixtures differing {a component satio were compared, 


EXPERIMENTAL PART 


The experimental method and the apparatus were the seme as those described previously (2). The iscbutylene- 
was obtained by dehydratlonof {sobuty! alcohol (b.p. 107103"; di” 0.80193 nd 1.3957) over alum{num oxide, 
and ft was twice condensed while the uncondensed residue was puinped off a vacuum, Electrolytic hydroges’ 
was used, All eaperiments were carried out at atmospheric prescure, a temperature of 190°, and a space rate of 
feed gas of 100 hours? The glass reaction tube had a diameter of 10 mm, It was charged with 30 cc of pre 
clpitated Co-clay catalyst (1:2)(3], which was reduced with hydrogen at 450° for S hours, 


Catalyzates from three fsobuty!ene-hydrogen m'xtnres were obtained In long experiments: 1) fsobutylene ® 
+ 0.3% hydrogen, 2) 75% isobutylene + 25% hydrogen, and 3) 5°% {isobutylene + 50% hydrogen, Individual 
portions of catalyst were used for each mixture, and these were regenerated with hydrogen at 450° for 5 hours «fteg 
each 15-20 hours use, The catalyzates were dricd and freed of gas (fsobutylene and fsobutane) and were thea 
distilled in a column having an efficiency of 40 theoretical plates and packed with triangular copper colts; the 
Catalyzates were processed either directly or after complete hydrogenation at room er fo the seeseaes 
of Pt on carbon promoted with H-PtCl, {4}, ~ : “. 


Catalyzate from a mixture of {sobutylene + 0.3% iene, The yield of Uquid polymerizate was 10.1% 
and 6.3% of the isobutylene fed, respectively,over the fresh surface and after the catalyst had been In operatioa 
for 15 hours, 


42 g of the polymerizate (dj* 0,7054; np 1.4088) was distilled in the column, The fractions collected 
and thelr constants are presented in Table 1, while the distillation curve fs shown as Figure 1, 1, As may be sees 
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TABLE 1 


oe 2 tenn 
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Fractions Obtained froin Hydropolymerizates from Gaseous Mixtures. 





Bolling range, 
deg C 


Fractilo 
No, 


¥icld,vo 
of oly, 


pol mer 
zate 





2 
"Dp 


Hydrocarbons 





96—100,5 
402—105 
108—178 
178—183 

Residue 
>185 








0,6932 
0,7142 
0,7203 
0,7362 
0,7672 








Mixture of fso~Cyllg + 0.3 % 


1,4024 
1,4110 
1,4135 
1,4210 
1,4356 
1,4440 


Hy 

CrHis, CrHye 
2,4,4-Trimethyl-1-pentene 
2,4,4-T rimethyl-2-pentene 


. Tritsobutylenes 





Mixture of 75% 1so-C,H, + 25 % H, (hydrogenated) 


24,5-26 
26-28 
52-64 

74,5—90 
90-99 
99-99,5 

101~112,5 
112,5—135 
135-151 
155~177 
177~—178 
178-183 
1838—195 


SROVIAQNSWNe 


0,6 
4,z 


ad 


9.6205 
0°6546 
0,692 
0,7126 


0,7584 


1,3540 
; 3734 


2-Methylbutane 
2-Methylpentane 
Gi ‘ 


25318 
2,2,4-Trimethytpentane 
Ce GH 
Gis 


Cyll 


Os. omwmunnSoawe 
GFRHOVWNVMIUGWOWNA 


>195 


dzogenated) 
2-Methytbutane 


Mixture of 50 % fso-C,Hy + 
27—30 
30—59 430 
60—6i ’ 
63,5—99 
19—126 
>126 


Loss 


2-Methyipentane 
CrHye ee 
Cilia 

















from vhese data, the catalyzate con:alned 55% 2,2,4-trlmethyl-1-pentene (Fraction 2, Uterature data (5) bp, 
101,36", nt 1.4086 5 dj 0.7150) ,~ 10% 2,4,4-trimethyl-2-pentene (Fract!on 3; Mterature data (5}3 b.p, 
104,85°, nj) 1.4160; aj? 0.7212) and 10% tuilsobutylenes (Fractfon 5), apparently, Judging fom the constants, 
4,4-dimethyl-2-necpentyl=l-pertene (b.p. 177,7°175%, nj) 1.4297; dj* 0.7599) (5) and 2,4,4,7-tetramethyl-2< 
octene (b,p, 181°; £5 1.4375; dj* 0.7685), Yhus, the catalyzate contained more than 15% dilsobutylenes and 
trilsobutytenes, and was very close composition-wise to the product obtained by us previvusly [1] by lonic poly 
merizatlonof {sobutylene over a clay catalyst; this product contained 80% di-and trilsobutylenes, 


Catalyzate from a mixture of 75% {sobutylene and 25% hydrogen, The yleld of Uquid hydropolymerizate 
comprised 13.6% and 6.7% of the lsobutylene charged over the fresh surface and after 15 hours of catalyst operation, 


respectively, 


The hydropolymerizate (dz? 0.7041 3 n%* 1.4083 , bromine number 111,3, unsaturated hydrocarbon content 
18%) had, after hydrogenation, dj? 0,6909 , np’ 1.3979 , bromine numiber 0,0, 100 ml of the hydrogenated product 
was distilled in the column, The fractions collected and their constants are presented in Table, Fractions for 
which the yleld was less than 0,3% are not shown in the table, The distillation curve fs shown as Figure 1,2, It 
may be seen from these data that almost 60% of the hydrogenated product consisted of {sobutylene hydrodimere 
2,2,4-trlmethylpentane (Fraction 6, Mterature data (5): bp. 99.24° , nf} 1.39153 dj” 0.6919) , and abcut 5% 
was hydrotrimer (Fractions 11 and 12), The third plateau on Curve 2 (b,p, 177-179") corresponds to 2,2,4,6,60 
pentamethylheptane which corresponds to the olefin, 4,4=diriethyl-2-neopentene, mentioned above, Thus, it 
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TABLB 2 


Fractions Obtained from the Hydropolymerizate from a Gas Mixture of 50% lso-CyHg 
and 50% Hg : | eta 
Yield, vol, Unsature 


Bollingrange, —|% of otlg, ; ni? promine 





MA rac= 
o 
ng degC hydropolymer 


izate 





20—44 ¢ 41,3591 
41—72 41,3750 
12—99 41,3900 
99—425 ~ 41,4015 
Residue >125 - 1,4100 























may be assumed that the orlginal polymerizate contained about 

65% dimers and trimers of isobutylene, This decrease in the yield 
of {sobutylene polymers in comparison with the preceding polymere 
{zate (from the mfature of fsobutylene + 0.3% hydrogen) was core 
pensated by tower -bolling products, C,-C;, the yleld of which 
comprised 17% of the hydrogenated product, It fs interesting to note 
that methylalkanes were present among these hydrocarbons: 2 
tnethylbutcne (Fraction 1 and 2, first piateas on Curve 2 of Figure 

1, Mterature data (SJ: bp. 27.85", nf, 1.3537 , df” 0,6197), and 

2+ and 3-methyipentanes Fraction 3, break in the curve; Uterature — 
data for 2-methylpentanes bp, 60,27, njy 1.3715 5 dj” 0,65325- 
for 3-methylpentanes b.p. 63,28, niy 1.3765, dj’ 0,6643), Frace 
don 8 was apparently a methylhcptane boiling st 117-116"; there 
ee {s a break fn the distillation curve fa this Interval, 


a Orel. Thus, the addition of 25% hydrogen to the {sobutylene led to 
Fig. 1, Distillation curves for hydro the formation of intermedfate hydrocarbons, chiefly monomethyle 
polymerizates from gascous mixtures: alkenes and alkanes, {n addition to polymers and hydropolymmers 

1) ls0-C,H, ¢ 0.370H3; 2)157% lso- Cg which are muluples of sobutylene, 

+ 2572 Hg; 3) 507 l10-C,Hg + 257 Hy. 
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Cstalyzate from 2 mixture of 50% isobutylene and 50% 
hydiogea, The yield of hydropolymerizate comprised 18 and 12% 
of the fsobutylene charged, respectively, over the fresh surface and after 15 hours operation of the catalyst, 35 mi 
of the hydropolymerizate (dj’ 0.6432, nD 1,3870) was distilled in the column, The fractions collected and 
thelr constants are presented in Table 2, Part of the hyc:opolymerizate was completely hydrogenated, and 28 
ml of the hydrogenated product (dj° 0,6289; nb 1,3752) was distilled {a the column, The fractions collected 
and thelr constantsare presented in Table 1, and the distillation curve fs shown as Figure 1,3, It fs seen from 
the data of Table 2 that the hydropolymerizate was aratherhighly hydrogenated product, more than 3/4 of which 
was saturated hydrocarbons, It may be concluded from the data of Table 1 and Figure 1, 3 that the hydropolymesizate 
contained no difsobutylenes, trilsobutylenes , or their hydrogenated products, The two larger plateaus on Curve $ 
correspond to 2-methylbutane and 2-methylpentane, which comprised 20 and 30%, respectively, of the hydropolye 
merizate{Fractions 1 and 3), In addition, the hydiopolymesizate contained 17% C,Hyg hydrocarbons and 18% 
C,H yg hydrocarbons, which, Judging from the constants, were only slightly branched, ' 





The results presented show that at 190 and atmospheric pressure over a Co-clay catalyst, the course of 
polymerization and hydropolymerization of isobutylene in the presence of hydrogen depends on the concentsatfos 
of the latter in the feed mixture, Moreover, it fs possible to distinguish two extreme courses: 1) polymerization 
of {sobutylene with the formation chiefly of dilsobutylcnes and trllsobutylenes and thelr hydrogenation products, 
the reaction proceeding in the absence of pr at low concentrations of,hydrogen; 2) the formation of methy)alkanes 
and methylalkencs with the methyl radical located mainly at the second carbon atom (from the end of the carbon 
chain), the rcaction procecding with a hydrogen content of 50% in the feed mixture, Both forms of polymerization 

















proceed at intcrmedlate hydrogen concentrations, It may be assumed that the first process has an fonic character 
and ts due to the prescnce of the catalyst support « clay = which, as a natural aluminostUcate, has acld propertles, 
The secund reaction apparently has a radical character and 1s duc to the presence of reduced cobalt, As may be 
seen from the nature of the initlal and final reaction products, this reaction 1s not a polymerization or hydro 
polymerization in the narrow sense of the word, since nelther difsobutylene nor trilsobutylene nor thelr hydro 
genation products are formed, and destructive hydrogenation processes acquire important significance at various 
stages of the reaction, Therefore, this reaction, which has now been observed for the first time at such a low 
temperature and pressure, can be defined as destructive hydropolymezization of Isobutylene under the influence 
of hydrogen, The mechanism of this reaction fs the subject of our future investigations . 
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The present work was devoted to an attempt to symhesize dihydrie alcohols-of the sfloxene serfes, With this 
alm, the Irteracticn of chloromethyldimethyichlorosflane with sodium glycolate with subsequent conversicn of the 
reaction product to big 8 -hydroxycthoxymethyl) tetramethyldisiloxane was studied, 


The reaction would be expected to proceed according tog - 


CH, Cit, 
 & ; ~ H,0 
CICH;Si — Cl -+ N2CCH-CH,OH — ae — OCH,CH-OH —~* 
Hy, CHs 
CH, CH, 
~ HOCH,CH,OCI,Si0 { CH.OCH;CH,OH, 
Cit, 8 
However, the course of the reaction proved to be more complex, 


Dusing the study of this reaction, {t was found that substitution of a glycol radical for a chlorine proceeds 
readily both for a chlorine bound to the silicon and for chlorine ! the chloromethyl group, A brief heating at 
100 brings zbout 95% repl-cement of the halogens, as determined from the sodium chlori4e formed, However, 
8 -hydroxycthoxymethyldimethyl-5 -hydroxycthoxysflane was not fond during cn investigation of the reaction 
products, but a substance with a relatively low boiling point was obtained, the elemental composition and properties 
of which {ui all experiments corresponded to a compound of the formula 


He Pista, 
, Y si, yo 


H CH; —-O 


The attempt to carry out .he reaction according to the above scheme fallcd, and an attempt was made to 
carry out the reaction of bis (chloromethy]) tetramethyldisiloxane with sodium glycolates 


CHs CHs 
cicii—o—$i cH,cl4 2Ns0CH,CHOH+ «it 
. Hs : 




















sa ty 
-> HOCH,CH,OCHI,SI OSi Cit, i1,CH1,OH + 2NaCi. 
Clty CH, 


In this case too, substitution of both halogens proceeded readily, and 95% substitution has occurred after two hours 
at 100°, Analyslsof the reaction products showed that the major product of this reaction was also a low =bolling 
product, the analysis of which corresponded to the analysis of the product obtained in the first synthesls, It was 
found that {f the second stage of the synthcslq the introduction of the organosillcon component into the sodium 
glycolate ) was carsled out at a temperature of 80-10%, the fo.mation of the Indicated heterocyclic compound 
was the predominant rcaction,.walle If the second cornponent was Introduced at a temperature of 140-157 , 

then approximately equal amountsof the cyclic derivative and bis ( 8 -hydroxyethoxymethyl!) tetramethyldislioxane 
were fosmed, 


In the case of the reaction with chloromethyldimcethylchlorosilane, the formation of the heterocycile 
derlvative obviously can be explained by the formation of 8 -hydroxyethox ymethyldimeihyl-3 ehydroxyethoxysilane ° 
which then cyclizes to the Indicated derivative with the Uberation of a molecute of glycols 


CHs CH, OCH,CH,OH 
cen Cl+-2NaOCH,CH,OH-+ > # 8. 
CHs O —CH,; 
a ‘si . x | HOCH,CH,OH. 
CHs CH;—9O 
However, we were unable to {solate the intermediate 3 -hydroxyethoxymethyldimethyl~8 ehydroxyethoxys{lane, 
Both fn the case of the reaction of the chlosos{lane and fn the case of the reaction with the disiloxane, the Altrate 
obtained from the separation of the precipitated sodium chloride distilled in the Interval 120-19S°, while the 
B ehydroxyethoxysilane should boll censiderably higher. In the Interaction of sodium glycolate with bis (chloroe 
methy}) teteamethyldisiloxane, the formation of the heterocyclic derivative probably proceeds fn 4 more complex 
manners 


Qe CH; . : & CH, 
cicessi of cit + Na0CH,CH,OH -+ HOCH,CH,OCH,SiONa + HOSICH,CCH,CH,OHs 
Hs CH; Cc s | 
Gite CH, Pe _ .d 
HOSiCH,OCH,CH,OH -« ‘ CH, +- H,0; 
Hs CHs o— 
@ CHs CMe ? 
HOS! CH,OCH,CH,OH ~ HOCH,CH,OCH,Si0 -_ as tahanea + H,0. 


ry 3 CHy 


Such a course of the reaction —through the formation of the silanol which fs explained by the preience of traces 
of molsture, ts also possible in the case of chloromethyldimethylchlororilane, 


It was later established that the cyclic product obtained during the reaction, which bolls at 138° and 4 which 
is readily hydrolyzed to bls (hydroxyethoxymethyl) teiramethyldlsfloxane , polymerizes with an Increase in 
viscosity and molecular welght on standing under ordinary conditions in a flask closed by a ground-glass stopper, 
An investigation of the kinetics of this reaction fs currently belng carried out by measuring the TT in viscosity, 
molecular welght, and hydroxyl-group content, 


A study of the low=bolling product showed that It fs easily hydrolyzed by a 1% solution of HCI at 6, being 
converted to bis(8 ~hydroxyethoxymcthyl) tetramethyldisiloxane in Quantitative yield according to the reactions 














“1. Poe CH; OH 
S! CH; + H,O 


a \ 
CH, ~ CHe—9O é _| CH, CH,OCH,CH,OH 
CH, CH, “ 


j : 
~ 0; IcHyCH0CH “a CH,0CH;CH,OH. 
é dy : 


EXPERIMENTAL PART 


L The interaction ofehloromethyldimethylchlorosilane with sodium glycolate, The reactionwas made 
in a three-necked flask fitted with a stirrer, a thermometer, a reflux condenser, and a dropping funnel, 100 mi 
of freshly distilled ethylene glycol was placed in the Mask and heated to a temperature of ~S0 3 the flask heater 
was then switched off, and 9.2g (0,4 mole) of fine pieces of metallic sodium was introduced, the temperature 
in the flask rising to about 60-65" due to the exothermic heat of reaction, As further portions of sodium were 
introduced, It was necessary to heat the reaction mixture perlodically to cause the sodium to eater Into the reaction 
more rapidly. The maaimum temperature of the mixture was 100-105*, The resulting solution of sodium glycolate 
in glycol was cooledto 50° 3 28.6 g (0,2 mole) of chloromcthyldimethylchlorosilane was added dropwise, The hest 
berated during the addition ralsed the temperature of the mixture to 68°, After all of the chlorosilane had bees 
added, the reaction mixture was heated for 6 hours 2t temperature of 95-100, The resulting precipitate was 
filtered, The weight of the precipitate was 23,08 g (theoretical, 23.4 so The chlorine content of the precipitate 
was 57 (calcutated for NaCl, 60.6%), 


The filtrate was extracted with benzene and then with ethyl ether, (to complete extraction), and the extract 
was distilled at atmospheric pressure, The extzact distilled to dryness in the interval 109195", A second distillatios 
gave 7.85 ¢ of a product which corresponded in composition to a compound: of the structures 

Ch O-cm, 
\,7 CHs. Yield30%, Bip, 136=135°, nb, 1,4290; a? 0.977; MRg 4,82 7 MRe ate, 35.29, 


cn,” ‘\cn,<0 é 


Found9s: C 44,993 44.82; H 9.30; 9,10; Si 20,46; 20,61 C.H,,0Si, C.iculated %: C 45.4; H 9,35 Sf 21.2 
Molecular welght: found, 128; calculated, 132, 


An additional 7 experiments were carried out under analogous conditions; the yield of cyclic produc was 
30-35%, ) 


For proof of the structure of this cyclic distil, the compound was subjected to hydrolysfs by an equal 
welght of water containing 1% HCL The mixture was heated for 1 hous at §0°, after which the hydrolysts product 
was extracted with echyl ether, and the extract was dricd with sodium sulfate and distilled under vacuum, 29.4 g 
of the cyclic derivative was obtained from several experiments, and this macersal was hydrolyzed and distilled 
te obtain two main fractions 10-71° at 4 mm and 130-133 at 2mm, The fisst fraction separated Into two layers, 
the upper layer having aa _njy of 1,4270 while that of the lower layer was 1,4380; f,e,, the fraction contained 
a mixture of cyclic and bicyclic derivatives, Analysis of the fraction boliing at 130-133°/2 mm gave the fole 
lowing resultss 


Found%3 C — 42,07; H 9,22; 9.27; Sf 19,€8; 19, 68 CigH2s05Si, Calculated %3 C 42.55; H ba a 33 
19,85, ' 


Molecular welghts found,285 ; calculated, 282; nb 1.4440; ¢ 1,013 3 MRg 74,05 3 MReale, 74,07, The % OW ° 
was 12,35 (calculated 12,05) ; Le., hydrolysis of the cyclic derivative obtained from the above reaction led to 
the formation of bis ( 8 -hydroxyethoxymethyl) tetsamcthyldisfloxane, 


II, The interaction of sodium glycolate with bis(chloromethyl)tetramcthyldisfloxane, The preparation of 
the sodium glycolate was carrled out under the conditions described above, 18.4 g (0.8 mole) of sodium and 200 mi 
of ethylene glycol were used, The bis(chloromcthyl)tetramcthyldisiloxane, 92,0 g (0,4 mole),was Introduced 
Sropwise at a temperature of 80, A precipitate gradually formeds the mixture was heated for 6 hours at 107° » 














and the precipitate was then filtered, The welght of the precipitate was 40,6 g. The chlorine content was 56.3%, 
The filtrate was extracted with ethyl ether, and the extract was distiiled at atmospheric pressure, All of the extract 
distilled within the interval 90-197", and all fractions separated Into two layers, 


Hydrolysts of a mixture of all fractions dy the method described above gave 46. 6 g of bis(  -hydroxyethoxye 
methyl)tetramethyldisiloxane, which boiled at a temperature of 149-157 at 5 mm; al _— % OH, 11,32 
(calculated, 12,05), 


Dl. Synthests of bis( B -hydzoxyethoxymethyl)tctramethyldisiloxane without the s-paration of the cyclle © 
derlvative, The synthesis was carsled out in a manner similar to that described above, 23.6 g (0.2 mole) of chloro 
methyldimethylchtorostlane was added dropwise tothe sodium glycolate, which war obtained from 9,2 g (0,2 mole) 
of metallic sodium and 100 ml of glycol, The resulting precipitate was flltere2, The welght of the precipitate 
was 21,4 g, The Cl content was 57.8%, All of the filtrate (124.5 g), tegciner with an equal amount of water, 
was retumed to the flask, the mixture was acidified to a weakly acid reaction by the addition of concentrated 
hydrochloric acid, and it was then heated at 60-65° for 3 hours, After the mixture had covled, {t was extracted 
with ethyl ether, and the extract, after distillation of the ether, was distilled under yacuum, ‘s1.¢ aqueous layer 
was evaporated to dryness in an evaporating dich, The residuc on the botiom of the dish welghed 7.9 g; the chlorine 
content of this residue was 46,9%, Distillation of the ether layer gave 10,0 g of bis( 4 ~hydro we ° 
tetramethyldislloxane, which boiled at 138-140/3 mm; the yie!d was 35.4% of theoretical; np 1.4425 5 % OH, 
11,5, In one of the experiments, the disfloxane was added to the sodlura glycolate at 147, fa a precipitate 
slowly formed, After the Introduction of the disfloxane, the mixture was heated for an additional two hours at 

140-159, after which ft was filtered, the flltrate was extracted with benzene, and the extract was disulled, 





23 g {1 mole)of sodium, 115 § (0,5 mole) of bls(chloromethyl) tetramethyldislloxane, and 200 ml of 
glycol were used In the reaction, All of the fractions collected during distillation of the benzene extract at ate 
mospherie pressure consisted of two Immiscible liquids, It was assumed that the preseace of the glycol could — 
cause such a separation of the distillates, In order to confirm thls assumption, all of the fiactfons (total weight 
119.9 g) were combined, and to the mixture was added 100 ml of benzene and 20 ml of water to dissolve the et 
The benzene layer was removed,dried, and again d{stilled under vacuum, 


This distillation gave 41,4 g (29.3% of theoretical) of bis(3 -hydroxyethoxymethyl)tetramethyldisfloxane 
b.p. 165°/15 mm, > 1,4425, and 22,5 g (17.0% of theoretical) of the cycifc product, b.p, 67/18 mm, oof 1,4250, 
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THE ADDITION OF PHENYLPHOSPHING 
TO UNSATURATED COMPOUNDS 


Academician B. A. Arbuzov, G. M. Vinokurovs, 
and I. A. Perfil®’eva 


Institute of Organic Chemistry Xazan Affillate of the _—e 
of Sclences USSR . 


The addition of phosphine and of primary and secondary aia to unsaturated compounds has been 
studied only to slight extent up to the preseat time, 


Stiles, Rust,and Vaughan (1} observed that phosphine adds to unsaturated compounds (1-butene, endian 
ally] alcohol, allylamine) under the catalytic Influcnce of Uphit or organte peroxides, Simflar reactions have bees 
described in an Engifshpatent(2]. Mann and Milles [3] studied the cyanoethylation of phenylphosphine and diphenyte | 
phosphine by acrylonitrile, In 1959, there appeared a paper by Rauhut, Hechenblelkner, Currfer, Schaefer,and 
Wystrach [4] describing thels work in which they camled out a more detalled study of the addition of phosphine and 
phenylphosphine to acrylonitrile, During the course of the past few years, we have studied the addition of pheayle 
phosphine to unsaturated compounds with the alm of obtaining bifunctional compounds contatning phosphorus, 


A brief report of the results of this work {s presented fn the present communication, As our experiments 
showed, phenytphosphine readily adds, in the absence of a catalyst, to esters of acrylic and methacrylle acids 
when the r_actants are heated, In addition to phenylphosphine addition products, there also appezred small amounts 
of the corresponding phosphine oxides, which resulted from the oxidation of the tertlary phosphincs formed by the 
addition reaction, The addition of phenylphosphine to allys alcool proceeds under the Influence of catalysts 
which produce free radicals (azobisisobutyronitrile), 


The reaction can be zcp:esented by the following equation g 


C.HsPHs + 2CH, = 7 R- GHP (CH, ae —Rhe 
where R—COOCHs, CCOC,H;, COOGH;, COOC,Hs, CH,OH; R°’—CH, or H: 


The compounds obtained and thelz constants are given In Table 1, 


With the alm of preparing different derlvatives, we repeated the experiments of Mannon the addition of 
phenylphosphine to acrylonitrile, and we obtained 8 -cyanoethylphenylphosphine, di (8 -cyanoethyl)phenylphosphinc 
and {ts oxide, The constants of these compounds are pzesentcd in Table 2, By seductfor of the di(5 -cyanoethyl) 
phenylphosphine with lithium aluminum hydride, we obtained di(8 -aminopropyl)phenylphospiiine (see Table 2), 
Being derivatives of trivalent phosphorus, the tertiary phosphincs were readily oxidized by atmosphesle oxygen to 
the corresponding phosphine oxides, and they slso added sulfur, The constants of some of the — oxides 
and sulfides prepared are presented in Table % 


We also carried out the interaction of phenylphosphine with acrolein, methacrylic,acid, ethylene, oxide, 
and allyl bromide, ; 











nt code «rd etacbes a tats ine mets ob bmehne te etn n ee woes huts wants ae 4 eb duh he ates 


Sn tia oe tem ot waned tds Meret etice bs 9 ettee tte Be cede Se ete 9 i Fm 
a 
- 


TABLE 1 





B. pe @ @ on Ph 
Compound deg C/mm $ 





found leate, 





CH, 
cH,-dHco2cH, 139—140/ 14 so1u}t 5242 10,19} 10 
C Fh ose: coheone 41,5 2 aa : 
Hy 


e 
cx,-¢i1 coo, ? 
HPC cn cu cooce, (199 tSt*VAlt ,0764)1 5172 
at 
1,-£11 cooc,H, 


C,H,P cH,—cH Hy 170—471°/i]1, 


cH, 


pen COOC,Hr iso 


Nct,-CH COOCHysq 292 159°/1]1 0394 104,20]104,51 


CHP 


4 COOC,H, 


185—186°/3/1,0267]1, 
\cH,-CH Cooc,H, 


CHP. 
CH, 


pif Conc Metso 78—-179°/1]1 0181/1 ,5001/113,90,113,74] 7,93: 7,87 
CHP cH, CH COOCHits0 pais 2 ; 





CH,CH,COOCH, 
Pt 


“CH,CH,COOCH, 
> AiicH can 


—_ \cH,cH,CH,OH 


149--150°/1]1, 1385|1 5361] 77,23] 76,90) 11,05/10,99 























175°/i 1, 1017]1,5740 67,69] 67,30 5, 76/13, 71 


EXPERIMENTAL PART 

The phenylphosphine was prepared by the method of Freedman and Doak {5} and had a b.p. of 48,5497 
15 mm, . 

Addition of phenylphosphtne to esters of acrylic and methacryllc acids, 13,5 g of methyl acrylate and 
6.1 g of pheny!phosphine were placed in a fourenecked flask fitted with a stirrer, a reflux condenser, and a therrmoe 
meter, The reaction was carried out in an atmosphere of nitrogen, The flask was heated to 320-139 over a 
period of 6 hours. 8,6 g (55.5% of theoretical) of a product with a b.p. of 149-150°/1 mm, a5 15361; a i 
wss obtained by distillation, , 


The addition of phenylphosphine to esters of methacrylic acid was carried out in a similar mannez, 





Addition of phenylphosphine to ally! alcohol, The reaction was carried out in a manner similar to the 
preceding, 10.7 g of phenylphosphine, 15 g of allyl alcohol, and 0,1 g of azoblslsobutyronitrile were heated for 
1 hours ata temperature of 120-130 , 12,3 g (56.16% of theoretical) of a product with a b.p, of 175°/1 mm, 
DD 1,5740; j* 1,1017 was obtained by distillation, 


Addition of phenylphosphine to acrylonitrile, The reaction was carried out by heating reactants fn a Mask 
fitted with a reflux condenser at 80-92 for 3 hours and at 120-130 for 6 hours,. From 30,1 of phenylphosphine 
and 49 g of acrylonitrile was obtained 28,4 g (48.8%) of di( 8 -cyanoethyl)phosphine with a b.p, of 176,5-178 at 
0,5 mm, 3,5 g (17.9%) of B cyanoethylphosphine with a b.p, of 104°/ 0.5 mm, and 1,3 g (2,04%) of di(.B -cyanoe 
ethyl) phosphine with a = of 104-105", : t ‘ 








. 
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TABLE 2° 





: ° ey P Fs on P.% 
4 deg : - 
es mm : kale, | found] calc. 








CH,CH,CN 176,5— 
178/0,5 11,1052.4 5672 63,64 | 13,9 | 14,35 


194°/0,5 14 074014 5649 50,09 | 18,16] 19,08 





PX 2a"70,5 | 13,19] 13,3 [2,04 

4 ScH.cit.cn ’ ’ oS 14s 
142~ 

144°/4 |1,0292]1 5728) 74,69 13,67 13,83 48,5 


Phosphine oxides and sulfides 


> ZCHCH,NH, 


“ \CH,CH,CH,NH, 




















184°/0,5|1 712] 5495 9,18 ]73,3 


477— 
178°/1 
genes coo / 8,75 


ou 

eon p Lt COOe a 182— 

4 SCHe—cit COOH wash the: 
dx, 

nw 


cH, COOC,H, 205— 
va 70° 783 
Cou, “ 270°/0,5 {0789/1 ,5219 7,43 | 7,23 175,3 
































Prepzration of di(y -am{nopropyl) phenylphosphine, An ether solution (300 ml) of 7.2 g of Uthfum alumfaum 
hydride was charged to a flask fitted with a stirrer, an adapter, and a reflux condenser, A hypodermic syringe 
containing 10 g of di( B=cyancethy!)phenylphosphine was fitted to the adapter. She contents of the flask were 
heated to bo!ling on a water beth, and the contents of the syringe were added to the solution, After decomposition 
cf the complex with a 30 % solution of NaOH, the cther layer was decanted and distilled, 5 g (48.5%) of dl (y © 
am{nopropyl)phenylphosphine with a b.p, of 142-144°/1 mm was obtained, 


Additfon of sulfur to di(carbalkoxylsopropyl)phenylpnosphine, The reactlor was carried out {n an atmosphere 
of nitrogen by heating the reactants at 120-130 for 3hours, From 5,5 g of di B -carbors cthoxylsopropyl) pheayte 
phosphine and 0,5 g of sulfur was obtained 4.4 g of thidi(8 ~carbomethoxylsopropyl)phenylphosphine with a d.p, 
of 184°/0,5 mm, nfy 1.5495 dj? 1.1712, 





The addition of sulfur to di(8 -carbobutoxylsopropyl)phenylphosphine was carried out {a a similar manner, 
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POLYCONDENSATION OF AMINOENANTHIC, AMINOPELARGONIC, 
AND AMINOUNDECANOIC w-AMINO ACIDS IN THE SOLID PHASB 


A. V. Volokhina and G, I. Kudsyatsey 
Alle Union Scicatlfic Research Institute of Synthetfe Fibers 
(Presented by Academician V. A. Kargin, April 15, 1959) 


Polycondensatfou of bifunctlonal compounds fs generally carried out by heating the compoenents at teme 
peratures excecding thelr melting points and those of the corresponding Inear polymers, 


According to the Uterature, it is possible to carry out the pelycondensation of certain bifunctional compounds 
in the solid state, Among such compounds are the hexamezhylenediamine salt of adipie ecid {iJ}, € -am{nocaprole 
scid[2], weam{noundecanoic acid[3), the methyl ester of tctraglyclic [4], and low molecular-welght products 
of the condensation of dlethylolterephthalate(5}, The avaflable information merely establishes the possibility of 
solid-state polycondensation of these substances, Upto the presc.it,thishas not been studfed systemaically, 


Morcover, polycondensation {n the solfd state, which fs an example of the quite rare reactions fn which 
solid organic substances participate, fs of great theoretical interest, and the seaction may find application Ja the 
technclogical production of polycondensation resins as a method for carrying out this react{on under milder conditions 
than those used in ordinary polycondensation In the melt, Thisbas particularly great significance for Inadequately 
stable monomers and the's polymer, 


In addition, solid-state polycondensation fs appazently a basic method for the preparation of infusible polymers 
cr polymers v:hich melt with decomposition at high temperature, for exemple, polyamides contatning aromatie 
or hydrocromatic (6) rings in the chain of the macromolecule, Such — stable polyamides may find vesy 
important application In engincering for special purposes, 


Studying the geacral regularitics of polycondensation In the soifd state, we investigated the solfd-state 
polycondensation of three aliphatic weamino acids-- aminoenanthle, aralnopelargonic, and aminoundecanole 
and the effect on the process of temperature, nature of the amino acio, and other factors, é 


EXPERIMENTAL PART 
The polycondensation of aliphatic w-amino acids may be expressed by the following general equations 


a-li3N (CH) COOH = HN (CH)m — [CO (CH2)aNII —Ja-1000H -+ (a — 1) H,0. 


The kinetics of this reaction may be conveniently studled through the decrease in welght of the amino acid 
owing to the evolution of water, The apparatus used for continuously weighing the reacting substances has bees 
described for measuring the rate of pyrolysis of polystyrene in a nitzogen atmosphere (7), The nitrogen flow rate 
was the same in all experiments and amountcd to 0,18 Iters /minuie, Constant temperature was maintained by 
means of a fused metal bath (Wood's metal), the temperature of which was automatically held constant with as 
accuracy of & 0,5°. The accuracy of the welghings was 4 1 mg, 


Clearly, uncquivocal results from a study of the kinetics of the polycondensation reaction can be obtained 
by this method only In case there are no other rcactions, such as cyclizatioa of the amino acids with the formatios 
of lactams orspiltting out of volatile compounds other water, Of ihe homologous serfes of aliphatle w-amino acids 
acids having more tian six methylene groups in the molecule satisfy this condition 
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Fig. 1, Kinctics of the polycondensation of ainfno acids; a) amincenanthic acid, 
b) aminopclargonfe acids c) amfnoundecanole acid. 
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TABLE 1 
Polycondensation of Aminoenanthic Acid at 184°. 





ec. Vis. of { Ato}, wt. of Amt, of H,O 
Expt. [Time,| Yieldof F 0157 solution | polyanstde | cale, from 


idd of polyamid? 
No, jhe ym " an telesesol from NH, 





1489 
4000 
5870 
6350 
8250 























We used amino acids prepared from tetrachloroalkanes, products of the telomerization of ethylene with 
carbon tetrachloride (8), namely, aminceaanthic, aminopelargontc, and amfnoundecanole acids, 


Technical amino acids of a high degree of purity were subjected to an additional recrystallization, fole 
lowing which thelr melting pofnts were: 193-194° for aminoenanthle acid, 191-192" for aminopelargonte acld, 
and 181-182 for aminoundecancic acld, According to elemental analyses, these amino acids were the pure 
products. 


When the amino acids were heated close to thelr melting peat (125° belew), polycondensation proceeded 
partly fn the Iquld phase; this resulted in the formation of a block of solld polyamide (the melting points of the 
polyamides from am{noenanthle, am{nopelargonic, and am!noundecanole acids were, respectively, 225, 193, and 
183°), At lower temperatures (5-20 be!ow the melting point), heating of the amino acids converted them to & 
solld, white, porous mass, or else they remained In the form of powders, At still lower temperatures, the rate of 
polycondensation hecame practically unmeasurable, since it was very low, 


Kinetle curves for the polyconden:zation cf the amino acids In the solid state are shown Ir Figure 1, where 
P is the degree of completion of the reaction (yleld of polymer) In welght per cent, 


The reproducibility of the experiments was satisfactory, since when several polycondensation experiments 
were carried out at the same temperature, the values of the degree of completion varied within the Umlts of 1 to 


3%. : 


The values of the degree of completion of the polycondensations of the amino aclds as determined by 
measuring the amounts of water evolved arc in good agreement with the values determined from the polymer. 
ylelds (extraction of the polycondensation products with water to remove the water-soluble amino acid) and with 
those determined from the content of terminal amino groups in the polycondensation products, The content of 
terminal amino groups was determined by potentiometric titration of a solution of the polyamide in a mixture 
of phenol, alcohol, and water with a 0,1 N solution of hydrochloric acid (9}, 


From the values of the degree of polymerization (d.p,) of the polyamides as determined from the number 
of terminal groups, and from the polymer ylelds, it is possible to calculate the amount of water evolved from 8 

















TADLE 2 


Actly stlon Energics for the Polycondensatton of Amincenanthic, Aminopelargonic, and 
Aminoundecanole Acids 





Temp..dcg | Max. Rate, 
Expt. W,nominsI} 
No,: units 




















Aminoenanthic acid 


1,845 
eos 92.000 Solid-phase reaction 
2415 In th of 

; the presence 
2'558 | 43000 liquid phase 


AmInopelargonic acid. 

Solid-phase resctica 

In the presence of 
Uquid phase 


Solid-phase reactioa 








specific amount of amino acid through the ase of 
the equation for the polycondensation of amino acids, 


A comparfson of these valves with the amounts 
of water determined by direct welghing are presented 
_{n Table 1, 





: Sos. 109 —> (20. tt may be seen upon consfAcration of Table 1 that 

a ae *~ Cpe ialinstheees that the amounts of water determined by clrect welghe 
ing and the valucs found from the dp, valves and fron 
the polymer ylelds are {n satisfactory agsecment withia 
the Hmits of experlraental erzor, 


Fig. 2. Activation energles of the polycondensation 
of am!no acids fn the solfq phese and In the presence 
of a Mquld phase: a) aminocnanthic acid; b) aminoe . 
perlargonic acid; c} aminowndecanole acid. It follows from the experimental data thats 


1, Polycorndensetion of am{noenanthfe, aminge 
pelargonic, and aminoundecanole acids takes place 
in the solld phase at an appreciable rate within rather narrow temperature Intervals (615°) lying close to the 
melting points of these amino acids (5-20? below) and close to the melting points of the coresponding Sevegic 
(8-5? below), 


2, The polycondensation rate has a very high temperature coefficient, : \ 


3 In order to obtain from am{noenanthie acid polyamides with the specifle viscosity In tricresol required 
for the forming of strong fibers, the reaction time {in the solfd state at 184° must be not less than 18 hours, 


4. A comparison of the solid-state polycondensation rates of the three amino acids at the same temperature 
cannot be made owing to the diffcrence in the temperature Intervals in which polycondensation of aminopelargonie 
and aminoundccanole acids takes place, Moreover, such a comparison docs not take into account how close the 
polycondensation temperature {s to the melting point of the amino acid, If the polycondensation rates are compared 
at temperatures removed the same number of degrecs from the melting points of the amino acids, the amino acids 
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may be arcanged In the following order with respect to polycondensation rate sam{nocnanthic (185°) > araino= 
undecanole (17%) > aminopclargonic (183"), 


If the usual kinetle method {s used to describe the solid-state reaction, then calculation of the effective 
activation energics yiclds the data presented In Table 2 and Figure 2, : 


The values of the effective activation energics were determined on the basis of the maximum rates of the 
polycondensation reactions, The maximum tates were taken from the maxima In curves showlng the reaction rate 
as a function of time, which, in turn, were obtained by differentiation of the curves shewlng the variation in P, 
%, with time (Flgure 1), 


The amino acids may be arranged In the following order with respect to actlvatlon energy of the sold 
phase polycondensation process: amlnoundecanole < aminoenanthic < am{nopelargonic, There ts no connection 
between this serles and the chemical structures of the amino acids, As would be expected, the activation energy 
of the polycondensation process drops sharply when the reaction fs carrled out In the presence of a liquid phase, 
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ON THE MECHANISM OF THE AMiNATION 
OF CHLOROFLUOROBENZENES WIT! METAL AMIDES 
AND AQUEOUS AMMONIA | i 


Corresponding Member AN SSSR N. N. Vorozhtsov, Jteo 
G. G. Yakobson,and T. D. Rubina 


D.L Mendeleev Moscow Cheinical-Technological Institute 


It Is known that NMuorobenzene {1} and Nuorotoluene {2} do not react with alkalf metal amfdes in liquid 
ammonia, The relative lability of halogen atorns {n other aromatic monohalo derivatives during reaction with 
alkali metal amides {n Mquid am:.:onta generally increases in the serics Cl, Br, L Ami{nation of compounds cone 
taining several different halogens remains almost unstudied, It fs known only that by the action of potassfum 
amide in liquid ammonta, p-bromofluorobenzene Is converted, with 30% yield, to a mixture of mand p-fuorse 
anilines fn a ratio of 1:4(3} On the basis of patent data on the production of p-chloroaniline by the actfon of 
aqueous ammont!s on p-bromochlorobenzene fn the presence of copper salts (4}, it may be concluded that in this 
reaction the lability of the halogen increases with Its atomle welght, 


We have studied the am{nation of chlorofluorobenzenes with alkalf metal amides tn Ifquid ammonfa and 
also with aqucous ammonia In the presence of cuprous chloride, In all of the cases studicd, the chlorine atoms 
were replaced by the am!no group, In aminatfons with metal amides, the substitution of lithf{um or potassfura 
amide for sodium amide had practically no effect on yicld or composition of the amination products, The exe 
perimental results are presented in Table 1, : 


The fivoroanilines were analyzed by comparing the Lr. spectra of 1.57% solutions In carbon tetrachlorde 
with the spectra of the pure compounds at wave lengths of 8.154, 8.354, and 8,.f£0y for the artho, meta, and para 
isomers, respectively, The spectra were taken with 2n IKS-14 spectropliotometer®, The acetyl desivatives of 
the fuoroanilines obtained in Experiments 1-4 and 6 were prepzred, and these derivatives produced no depzession — 
of the melting point when mixed with acctyi derivatives of known compounds, 


ee é 
* The spectroscople analyses were carsled out by V. A. Plakhov, 





























According to our data, fluorobenzene undergoes practically no aminatlon by aqueous ammonia Jn the 
presence of cuprous chloride (6 hours, 250), 


Amination by metal amides probably proceeds through the Intermediate formation of substituted dehydro 
benzenes(3}. Morcover, the same Intermedlate product (1) Is obviously forrued from o@ and m-chlorofluorobenzenes, 
while (II) is formed from the para fsomer, 


The fsomer composition of the amination products confirms the assumption by Roberts and co-workers (3) 
of an influence of the Inductive effect of electronegative substituents (fluorine in our case) on the direction of the 
addition of the NHy fon tosubstitutcd dehydrobenzenes, 


Previously, one of us and V. A. Kobelev [5] proposed a mechantsm for the catalytic exchange of aromatle 
chlorine, which was based on kinetic data; according to this mechanism, the reaction Is Initlated by the addition 
of the catalyst to a molecule of the halogen derivatives 


ArCl -}- Cu (NHa)g + fArCl-Cu(NIs)sJ% 


The halogen in this addition product {s very labile, and It readily reacts further with ammonta with the 
formation of the amine, 


The results of the interaction of chicroMucrobenzenes with aqueous ammonfa {n the presence of copper salts 
permits certain considerations as to the nature of the complex, The circumstance that the chlorine atom fs 
selectively active in this reaction allows us to assume that the copper ammontfate cation Interacts dizectly with 
the halogen atom, It fs probable that the coppzr fon coordinatlvely adds to the unshared palr of electrons on the 
halogens 


[>--Fown] 


In the complex, the halogen atom acquires a positive charge which weakens {ts conjugation with the ring, 
and the Inductive effect Increases, At the same time, the addition of a nucleophilic reagent to the carbon atom 
Linked to the halogen and subsequent elimination of the halogen are facilitated, The difference in the reactivitles 
of chlorine and fluorine atoms during catalytic ammonolysis of chloroflusrobenzenes fs readlly explained by suck 
& structure for the complex, Obviously, the ease of addition of the copper ion to the halogen atom must be Laverss 
to the electsonegativity of the halogen, Consequently, the halogens may be arranged In the following series with 
sespect to Jabilitys F>> Cl < or, . 


It fs possible that she high catalytle activity of salts of monovalent copper as compared to salts of divalent 
copper (6j fs explained by the greater avallabillty for coordination of the copper atom In the alngly sae diame 
montfate than in the doubly charged tetraammonfate, 


. TABLE 1 
Amination of Chlorofluorobenzenes 


Exot, | Initial | Yield of | lsomer composition of 
chloroe Aminating |fluoro= | fluoroanilines. % 


No. | Quoroben= 
ree agent — aie 











Ortho NaNH; (NH) 
Ortho NHaaq(CuCl) 
Meta ® NaNH3(NH3) 
Meta NHgaq (CuCl) 
Para NaN a(NHs) 
Para. NHgaq (CuCl) 
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* The first experiments on the interaction of m-chlorofluorobenzene with 
sodium amide were carrled out by student A, N, Shikanov, ‘ 

















EXPERIMENTAL PART : 


1, Ammination with metalamides, 20g (0,15 mole) of chloroflucrobenzene was added to the metal amide, 
which was prepared {n the usual manner(1) from 0,3 gators of the alkali metal and 500 mi of anhydrous quid 
ammonia, The mixture was s!rred for 5 hours, and 24 g of ammonium nitrate was then added, The ammonia was 
evaporated, and the residue was treated with ether, The ether was distilled, and the Mluoroaniline was then obe 
tained from the residue by distillation, 


2, Amination with acucous ammonfa, 5.86 g of chlorofluorobenzene, 0.5 g of cuprous chloilde, and 50 mi 
of 31% aqucous ammonia were charged to a 200-ml rotating autoclave. The sutoclave was heated for 6 hours at 
250, The organic material was extracted from the reaction mixture with ethes (5 tlmcs with 20 ml portions), The 
ether solution was washed withwatertoa neutral reaction toward Utmus and dried over sodium sulfate, The ether 
was distilled, and the Muoroaniline was obtained from the residue by distiJtation, 
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THE EFFECT OF THE ADDITION OF ELEMENTS OF THE SECOND GROUP 
OF THE PERIODIC SYSTEM ON THE ACTIVITY 
OF CHROMIA*ALUMINA AROMATIZATION CATALYSTS 


Academician B. A. Kazanskii, M. I. Rozengart 
and Z. F. Kuznetsova ° 


N. D, Zelinskif Institute of Organic Chemistry Academy of Sclences USSR 


We have previously shown that the alkali metal elements are promoters for chromfa~alumina catalysts ia 
the aromatization of cyclohexane and the dehydrocyclization of n-heptane (1), 


In the present work, we found that the elements of the second group of the perlodie system (with the exe 
ception of mercury, the addition of which to the catalyst was not te:ted) have a promoting eficct on the aromatle 
zation of cyclohexane. This cffect increases with an increase fn atomfe welght from berylllum to barlum; the 
yleld of benzene In the presence of the catalyst containing barlum was about 88% calculated on the orfginal 
cyclohexane (95% of that theoretically possible), which cxcceds by approximately 18% the yleld of beazene fa 
the presence of the unpromoted catalyst, 


The promoting effect of the elements of the second group on the dchydrocycHzation of n-heptane was tess 
than on the aromatization of cyclohexane, and was observed only for the alkaline earth elements, The addition 
of beryllium, magnesium, and zinc had practicaily no effect on the activity of the catalyst, ang the addition of 


cadmium even decreased {t somewhat, 


' EXPERIMENTAL PART 


The methods of purification of the original hydrocarbons, the apparatus, the mcthod of carrying out the 
experiments, and the methods of investigating the catalyzates have been described In 3 previous paper (1). 


The original hydrocarbons had the following propertless 
B.p.(760mm) ave qf = = Ep. °C 


Cycloheyane 89.7 1,4260 ” + 64 

n-Heptane : 98,4 1,3878 0.6834 ond 

In preparing the promoted catalysts, one of the preparations of chromfa-alumina catalyst, preliminarily twice 
heated In a stream of alr at 520°, was divided into portions of equal welght and volume, Each portion was {me 
pregnated with an aqucous solution of the nitrate of a tactal of the second group, the amovat of nitrate being that 
which would give a promoted catalyst of the following composition, In mole, after thermal treatment of the 
catalyst: 1,3 % oxide of the metal of the second group, 14,8 chromium oxide, and 83.9% aluminum oxide; the 
samples of unpromoted catalyst were impregnated with distilled water, In all cascs, equal volumes of water were 
used for the impregnations, Complcte solution of the barium nitrate was accomplished only with slight heating 
owing to the limited solubility of the barium nitrate, All samples were dricd at 110-120 for 5 hours; 20 mi of 
Catalyst was charged to the catalyst tube, after which it was heated in a surcam of alr to 520-530, 


Four-hour experiments with cyclohexane were carricd out twice with each catalyst samples the catalyst 
Was regenerated aher each experiment, The experiments were carried out at a temperature of 520° and a space | 
tate of 0,35 hows™, The experimental results are presented in Table 1, 
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TABLE 1 


Aromatization of Cyclohexane, Tempers 
ature 520°; Space Rate 0,35 Hours” 





Promoter 


Expt. No. 


Yield, we; %, calc, 
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TABLE 2 


Dehydrocyclization of n-Heptanc, Temper 
ature 530°; Space Rate 0,35 Hours"t 
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In considering the data of Table 1, ft should be noted that fn the 
first of the two parallel experiments with each of the catalysis containing 
promoter, the yleld of aromatics was less than In the second, A similar 
phenomenon was noted In our work on chromfasalumina <atalysts promoted 
with the alkall clements {1,2}, 


Since the chromla-alumina catalyst was heated twice at 52 prlor 
to deposition of the promoter, It fs difficult to assume thet this phenomenon 
was connected with achange Ia the surface and porosity of the catalyst 
structure ducing heating in the first experlment, It {s more probable that 


{t Is connected with an Interaction between the promoter and the remaining 
components of the catalyst during the experiment and regeneration, 
Therefore, {n Figu-e 1, whic.. compares the ytelds of aroraatics obtained 
with catalysts with different promoters, the yields shown are those obtained 
in the second of the experiments with each catalyst, since the process of 
initial forrting of the catalyst should affect the results of the second 
expeziments to a lesser extent, 


Fig. 1, Yields of aromatics from 
n-heptane and cycichexane in 
the presence of chromla-alumins 
Catalysis promoted with Group I 
metals; 1) dehydrogenation of 
cyclohexane; 2) dehydrocyclizae 
tion of n-heptane, As seen from Table 1 and the ylelds of aromatics obtained with 
Catalysts containing beryllium, magneslum, calcfum, strontium, and 
barfum, were higher by 5,5,.5, 10, 13, and 17.6%, respecilvely, than the yield obtained with the unpromoted 


Catalyst, 


That the ylelds obtained with the catalysts promoted with beryllium and magnesium were almost equal may, 
perhaps, be explained by experimental error, and the difference between them might have been greater had the 
experlmental method been more accurate, The experiments with n-heptane were conducted with catalysts which 
had been regenerated twice after experiments with cyclohexane, The process of forming the catalysts had been 
concluded prior to the experiments with n-heptane, and, therefore, the results obtained with the same sample of 
promoted catalyst differed much less than in parallel experlments with cyclohexane, the deviation not exceeding - 
the experimental error (2-4%), The temperature of the experiments was 530°, and the space rate was 0,35 hours 
The results are presented in Table 2, 


From the data of Table 2 ft follows that all of the alkaline earth elements are promoters for chromla-alumina 
catalysts for dehydrocyclization of n-heptane, but the effect is significantly lessthaa in the aromatization of 




















cyclohexane, The Increase In the yleld of aromatics with the catalyst containing calclum was only about 4%, 
while that with the catalysts containing strontium and barlum was 7-8%, The remaining elements cxhiblted no 
promoting effect, 

The ylelds of unsaturates during aromatization of cyclohexane were very small and varied from 0,4 to 2.6% 
(Table 1), The ylelds of unseturates were greater during dehydrocyclization of n-heptane end comprised 4,8-8.6% 
(Table 2), As a rule, for bothrcactions the yield of unsaturates as lower in those experiments in which the yleld 
of aromatics was higher, A postible reason for this was considered fn our previous paper {1}, 
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PHOTOMETRIC DETERMINATION OF THORIUM AND URANIUM 
WITH ARSENAZO III REAGENT 


S. B. Savvia 


V. L Vernadskif Institute of Geochemistry and Anslytical Chemistry 
Acadcmy of Sciences USSR 


It has been pointed out in the Mterature that organfe recgents containing a functional group of the forms 


AsO,H;} 10 
5 
pears. 


possess valucbie analytical properties, Among such rezgenis ste those proposed by V. L Kuznetsov, thoron (2«phenyle 
essonic acld=< l-2z0°1> -2-hydroxynzphthalence3,6-disulfonic acid) [o~{ 2-hydroxy3,€-clsul fo-2-naphthylazo) 
benzcnearsonie acid) (1) , arsenzzo I (2-phenylarsonic acid-< leazo-2 > ©1,8-cihycroxynaphthalene3,6-disulfonie 
zcid) [o-1,€-(dihydroxy-3,6-disul fo-2-naphthylzzo) beazenearsonle acid) (1), and arsenazo I (biphcayl~<A%e 
dlarsonle acid=3,3"=big< -a70-2> ©1,8-dihydroxynephthalenc=3,€-disulfonic acid ) [3,3°=bis(1,8-dihydroxy=3,6¢ 
naptthylazo)=4,4"*biphenylar:onfe aci¢] [2], which have teen widely used for the photometife dctezmination of 

Th [2-6], U(7), Pu (8) , and cther elements, 


We have synthesized the reagent 1,8-clhydroxynaphthalence3,6-dlsulfonic acid-2,7-bis(< -azo-D> <Ze. 
phenylarsonle acid), which we have named, for the s2ke of brevity, arsenzzo III ¢ this reagent also contains the 
indicated groupings See 


AsO,H, on OH H.0,As 
1 


Arsenazo I 


At the approprlatepH values, this regent gives clear, ccntraiing reaction with Th, UY , UY, che rare earths, 
be, Pb, and certain other elements, The color changes from rose (reagent) to emerald green and blue, 


A basic feature of arscnazo IM which distinguishes it from previously described reagents fs the ability to forma 
with the cations of elements especially stable inacr-complex compends, the stability of which excceds by several 
ord:rs of magnitude the stability of complexcs fo:med by arsenazo I or IL For this reason, determination of the 
clements becomes possible in strongly acid solutions and without the preliminary, usually quite lengthy, separation 
of sulfates, phosphates, Muorides, oxalates, and other Interfering substances, 


The relative stability of the complexes formed by arscnazo III and its analogs can be quantitatively characterized © 
by the use of the “stability index method" = a method described by V. L Kuznetsov (2J, The stability index (n) 
Is a specific constant for the system reagent -clement-masking complex former (at a given pH), It Ss found by 
Purcly experimental means, and {ts valuc (which can range from 1 to @ ) fs dctesinincd by the ratlo of the 
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TABLE 1 


Comparative Stabilitles of Complexes of Arsenazo 
and Its Analogs with UY! and Th 





Compiex 
former 


Arsenazo! 


rsenazo 
I 


Arsenazo Ul 





KH,P0, 


125°/250 


253000 


>1-10 





KF 


60/26 


110/30 


>1-10 
1-19 





H,C,0, — 


4,5/~6 


2-1 





Trilon B 


oni ; 


100/1 


>1-10 
~10'—10* 





Citric acid 


15/~2 


D/i~A4 


~§-18 
‘>1-108 





Tartarie 
acid 


180/60 








400/100 





>1-10 
>1-10? 


* The figures above the line are for UY§, those 
wader the ine are for Th. 
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Fig. 1. Light-atsorption curves for 14° 10°3M 
solutions of arsenazo DI with a pH of £,0(1), a 
complex of arsenazo II with UO}* with a pH 
of 1,5(2), and a complex of arsenazo II with 
Th in 3.5 NHCL SF=4 spectrophotometer, 10 


mm cell, 


stabilities of the complexes element-reagent and element 
masking complex former, At n 2 50-100 and higher, 

the stability of the clement-reagent complex considerably 
exceeds the stability of the complex element-masking 
complex former, In Table 1 are presented the stability 
indices for systems of arsenazo I, arsenazo I, and arscnazo 
Ul with U** , Th, and a number of complex formers, 
The higher valucs of the stability Index obtained for 
systems containing arsenazo Ml indicate the considerable 
stability of complexes of UO, = and Th with this reagent, 


Properties of arsenazo MI, Arsenazo Il Is a dark 
red, almost black, crystalline powder, It Is stable for an 
indefinite length of time, both as the dry solid and fa 
solution, The color of a solution of the reagent In weak 
acids {s rose, while in concentrated H,SO, it Is green, and 
in basic solution It Is blue, 





Light absorption curves for arsenazo II and Its 
complexes with uranium and thorium are shown In Figure 
1, The sharp shift of the curves (deepening of the color) 
pon formation of a coniplex together with the extremely 
high stability of the complexes are a favorable Indication 
of the increase In sensitivity of the reaction, Thus, the 
sensitivity of the determination of uranium and thorium 
{s 0,01-0,02 y/ml. The optimum X for the determinatloa 
of uranium Is 655 my , while that for thorfum {s 660-690 
my (the ratlo Ths reagent and the pH of the solution have 
an effect on the optimum wavelength), The color of 
arsenazo DI In bases and in concentrated H,SO, and the 
change £n color upoa formation of a complex with aa 
element are In accordance with present views (9]. The 
color of arsenazo II fn acid solutions fs unexpected. 
Thus, it {s well known that bisdiazo deslvatives of 
chromotropic acid have deeper colors, blue and violet, 
as a result of conjugation of toth parts of the molecule, 
It seems to us that the following {s a satisfactory explae 
nation of the rose color of arsenazo DT: the arsono group, 
which is located ortho to the azo group, czeates considere 
able steric hindrance, uwing to which a planar structure 
of the molecule {s Impossible. The absence of coplanarity 
leads to a color for the bisdiazo compou.d which Is not 
too different from the color of the monoazo compound, 
The steric hindrance created by the arsono also makes 
the synthes!s of arsenazo DI considerably more difflevit 
if the synthests fs carted out by the route usually used for 


the synthests of bisdlazo derivatives of chromotropic acid, We now present examples (schemes) for the determination 


of thorium and wanlum, 


Determination of thorlum, The maximum color development of the Th arsenazo I! complex Is cbserved 





fa 4-10 NHCI. This exceeds by far the optimum acidity for the Interaction of thorlum with arsenazo I of arsenazo 
II (Figure 2), The reaction {s selective; of the elements usually assoclated with thorium, only Zr and TI Interfere. 
But thelr effect can be sharply reduced by the introduction of oxalic acid Into the solution, This was found to 
eliminate completely the effect of 30-S0-fold amounts of Zr and 2-S-fold amounts of Ti; The very small masking 
of thorium Itself is taken into account by the introduction of a correction, For 4 25 mi volume, the recommended 
amounts of reagents ares arsenazo III, 0,2-0,4 mg; concentrated HCl (~ 11,5 N), 8 ml; HyC,O4* 2H,O, 400-700 mgs 
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Fig.2. Effect of pH on the develope 
ment of color of complexes of thorium 
with the reagents: 1) arsenazo I, thoe 
rium concentration 1,2+10°5M, A 
650 mp ¢ 2) arsenazo n, thorium 
concentration 1,2°10 ©M, A 600my 
3) arsenazo III, thorlum concentsae 
tfon 0,4°10°5M, X665 my z 4) 
Solution of pure arsenazo III, Cone 
centration of reagents, 0,5¢ 10°9M s 
SF-4 spectrophotometer; 10-mm cell, 
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Flg. 3, Effect of phosphates on the 
éeterm{ination of thorlum with arsenazo 
1(1), arscnazo 11 (2), and arsenazoll 
(3) Optf{mum conditions, 
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Fig. 4, Effect of phosphates on the 
determination of uranfumwith arsenazo 
1(1), arsenazo If (2), and arsenazo IZ 
(3) Optimum conditions, 


and Th, 5=50 y. The determination fs carrfed out at awave - 
length of 665 my, ‘Sulfates and 3000-5000-fold amounts of 
phosphates do not Interfere with the determination (Figure 3), 


_ Determination of uranium, The maximum development of 
color by the UO}* =arscnazo II complex is observed at a pH of 
1,7-2,5,. However, « pH of 3,0 Is more satisfactory for the 
determination of uranium In the presence of complex formers 
(ior example, phosphates), for the effect of the impuritles {s less 
at this pH, The permissable ratio UOl+ : HPO, fs 134000 to 
1; 6000 (Figure 4), The required pH of 3,0 Is satisfactorily 
maintained by the use of a buffer mixture * monochloroacetle 
acid and its salts, The determination of UY! most be precededby 
the most complete scparation possible of Th, Zr, V, Al, Cr, and 
the rare earths, all of which Interfere, Aluminum does not affect 
the determination of uranium in 0,05 N HCl or fn the presence of 
sulfosalicylic acid, 


The sclectlvity may be sharply Increased by a preliminary 
reduction of the uranium to the tetravalent state, The determination 
of UXT may conventently be carried out in 5-6 N HC1 fn the 
presence of oxalic acid, which serves to tle up the Zr, Hf and 
Ti, 





Elements cther than Th have no effect, 


Synthesis of arsenazo IT, Arsenazo IIT can be prepared by 
diazoniuin coupling of o-aminobenzenearsonfe acid with chromoe 
tropic acid, Coupling leading to the monoazo compound proceeds 
teaclly even in weakly basic medium , while an increase in the 
basicity to 15-25 % by means of KOH Is requized for the preparation 
of the bisdiazo compound (arsenazo III), But even In this case, the 
yield {s low, We increase J the reactivities of the substances by 
means of the formation of chelate complexes with metals (10), 
Caiclum was used for th's puspose, and was Introduced {n the form 
of the oxide, This immedfately created the pH sequized for the 
reaction, 





1,7 g (0.0078 meie)of O=aminobenzenearsonic acid was 
dissolved in 20 ml of wzter and 2,5 ml of concentrated HCl, The 
solution was cooled, and was dlazotized by adding 1,6-1.7 ml of 
a 5M solution of NaNO,. The dlzzo solution was slowly, and 
withthorough stirring, introduced Into a cocted solution of 1,0 g 
(0.0031 mole) of chromotropic acid and 2,0 g of CaO in 20 ml of 
water, It was allowed to stand until night or until the following 
day. The calcium was scparated by precipitating St as the hydroxide 
by the addition of NaOH, The filtrate was made acid to Congo 
indicator, and the precipitated arsenazo DI was filtered, The 
crude product was recrystallized 3~4 u:nes by dissolving {t In water 
and again precipitating it by the addition of NaCl, The yield 
epproached sto!chiomeirie, 


We desire to express our appreciation to Prof, V, I, Kuznetsov 
for his constant gufdance and valuable advice, 
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ISOMERIZATION OF Cyg~ Cyg NORMAL PARAFFINIC 
HYDROCARBONS OVER SULFIDE CATALYSTS 


Academician A. V. Topchiev,. Kh. Ya. Orlov, 
and Ya. M. Paushkia 


Institute of Petrochemical Syathesls Academy of Sclences USSR 


There have been many Investigations of technological processcs for the fsomerization of lower n-paraffins, 
CiHy9 » Colyg, and CoH» ee 


For a number of years the authors have Investigated the fsomer{zation of highes hydrocarbons from kerosene 
and diesel fuel fractions, Cyg-Cz) hydrocarbons; this reaction fs of considerable Interest, since fsoparaffinshave . 
low freezing points, -40 to ~60, Several brlef reports (1,2,3] devoted to this questicn have appeared over the past 
several yeas, The study of the {somerization of high-molccular -welght paraffins 1s complicate 4 by “he occurrence 
of considerable cracking and other side reactions, The authors of the present asticle have found cataiysts and 
caditions which make possible fsomerlzatfon with good yields and with practically no cracking, 


EXPERIMENTAL PART 


The fsomerization of Cyg + C;g n~paraffins was studied at a pressure of 20 atm -{n a flow system, The 
mixture ofn-paraffins and hydrogen, which was fed at a predetermined rate, was heazed to 160-180 In a feed 
picheater, and was then fed to the reactor,whicn contained 250 mi of ground catalyst (particle s!ze 1-3 mm), 
The reaction products passed through 2 condenser and then to 2 high-pressure receiver, from which ft was trans 
ferred to a low-pressure recelver at the end of the experiment, and the gases were vented to the atmosphere, 
Theexperiments were catrled out with commerclal catalysts, WS;, WS;/NIS/A1,0, , and WS,/ silica-alumina, 
Conversfons (mainly cracking) of vailous hydrocarbons over these catalysts have been studled, chiefly with respect 
to conditions for destructive hydrogenation at high pressures (4,5), but there have Leen oniy general indications 
of the postibility of fsomerizing high-molecular welght paraffins at low pressures (6). A fraction of n-paraffinie 
hydrocarbons having the aah igi Cis-Cy, served as the Iced for our experiments; this fraction had the pare ain 
properties 

Bolling range, °C r Pad ap” Mol, F.Peo 
at 760 mm Hg wt, °c 


272 326 0.7792 1.4377 236 +18 


3% benzene was added to the feed as a cracking Inhibitor, The inhibiung effect of benzcne (in amounts 
not exceeding 37) on the cracking reaction was established previously by the present authors during the Isomere 
{zation of C,y~Cyg n-paraffins In an autoclave In the presence of WS;,. The essentlal results of the present exe 
periments arc presented in Tables 1 and 2, The optimum reaction temperature (380-400°) and feed rate (1,5 Ltersf 
/Mrerhour) were determined for WS; catalyst, Under these conditions and with a mole ratlo of hydrogen to paraffla 
of 7,5, the catelyzate contained 30% fsoparaffins, 26% unconverted n-paraffins, and 44% cracking products 
consisting of the catalyzate fraction boiling up to 240°, With an increase in the mole zatlo of hydregen to paraffins 
from 7,5 to 15,8, the {soparaffin conteat of the catalyzate Increased to 35% , and the yleld of cracking products ~ 
dropped to 30%, A further increase in the mole ratio of hydiogen to paraffte 13 to 22 inhibited both the cracking 
teaction and {somerization, as 1s Indicated by the freezing-point range of the fsomcrs and the comeat {n thelg 
yield (Tables 1 and 2 and — 1). 
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TABLB 1 . 
Isomerization of Cyg = Cyg n-Paraffins in the Presence of Sulfide Catalysts at 23 Atm 
Pressure 
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® The fsoparafflns were separated by 2-fold treatment with urea of the catalyzate - 
fraction boiling above 240°, 


TABLE 2 
Properties of the Isoparafflas 





B.p..deg Mol, 
mm Hg 


Exot. No. 





250—315 ]1 ,4424'0,73% 
242—315 1 452210, 2995 
2403201, 4426/0, 7841 
242-315 1 4450/0, 7398 
218-306 |, 4383.9, 7362 
250-316 |1.439:)0, 7839 
238—312 [1 ,4:83,0. 7363 
240-3141 ,4493,0, 7918 
238310] ,4423,0, 79281 
242—310|1,4410,0, 77!" 
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Fig.1. Effect of mote ratio of hydrogen to 
paraffins oa the composition of the lsomerizae 
tlos products in the presence of WS3. 


Isomerization over the WS,/ NIS/ A1,G, catalyst was accompanied by cons!derably less cracking; Thus, 
under the same conditions (Exper!ments 5 and 2), the content of cracking products in the catalyzate was lowes 
by a factors .s 3,5 than when the WS, catalyst was used, Inhibition of lsomerization with an Increase In the mole 
ratio of hyd:ogen to paraffins was espectally evident in the case of WS,/NiS/A1,0, . Thus, under the conditions 
of Experiments § and 6 (335° and 1,5 Uters/litere hour), an Increase in the mole ratlo from 9 to 12,6 decreased 


the yleld of isomers by zlmost a half while the yleld of cracking products remained practically the same (12,4 
and 9,1%,respectively), 


The weak cracking activity of the WS,/ NiS/A1,0, catalyst permits the fsomerization reaction to he carried 
out with good ylelds at higher temperatures, An Increase In the reaction temperature from 385 to 450° undeg 
otherwise equal conditions (Experiments 6 and 9) led to an Increase in the yleld of lsoparaffins by a factor of 3 
(Figure 2), while the amount of cracking products increased significantly only at te 1peratures above 430, 


However, at equal fsoparaffin yields, the amount of cracking products was significantly lower than In the case 
of WS, 

















TABLE 3 


Physicochemical Properties of Narrow Fractions Separated from the 
Isoparaffin Mixturcs from Experfments 2 and 4 





| ; Ir, data® 
B.p., degC a i Mol, ; No, of City 
at 7 mmHg | "D 4 wt groups fa 


groups side chain 














Isoparaffins from Experiment 1 


117-428 0,7845 
129—134 4 0, 7833 
139-144 9, 7860 
144—147 0,788 
143—150 9, 7887 


Isoparaffins 


131-135 408 | 0,7833 
138-143 5 | 0,7800 
143—147 43 0,7860 
147—150 H) 7913 
150—155 0,723 

















* The fafrared lavestigations were carried out by the method described 
in refercnce {7}. . 


Over WS,/ silica-alumina catalyst at 33%, a space rate 
Cracking products of 1,5 Mters/litcrehour, and a mole ratlo of hydrogen to pare 
ee affins of 8.4, cnly 8.7% fsoparaffins was obtained, while the 
Bien ae amount of cracking products was 42.7%, Thus, this catalyst 
; developed only a slight activity for fsomesization, while fts 
cracking acuvity predominated, 


& 


z 


o-Paraffins 
Iscmerization over the different sulfide catalysts occurs 
with the formation of fsome:s with the same degrce of branching 
as tay be scen from the freezing polat mits of the fsomers, 
The Ssoparaffins from Experiments 1 and 4, obtained at dife 
ferent moje ratfos of hydrogen to paraffins, were distilled fa 
err a column with an efficiency of 25 theoretical plates Into # 
numbcr of narrow fractions, which were characterized by 
infrated spectroscopy (Table 3), 
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Fig, 2, Effect of reaction temperature on It may be seen from the data {n Table 3 that fsomerfzation 
the compozitfon of the Iscmerization products over sulfide catalysts proceeds with the formation of monoe 
in the presence of WS;/NiS/A1,0). and dimethyl-sutstituted Iscmers, and when the fsomerizatfoa 

reaction Is inkitited by high mole ratics of hydrogen to paraffins 
(Experiment 4), chicfly monomethyl-substituted Isomers are 
formed, 
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